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IDENTIFICATION OF TUMOR-ASSOCIATED
MARKERS FOR DIAGNOSING OR
MONITORING OVARIAN CANCER

RELATED APPLICATIONS

The present application is a continuation of International
Patent Application No. PCT/EP08/08924, which was filed
Oct. 22, 2008, claiming the benefit of priority to European
Patent Application No. 07020730.3, which was filed on Oct.
23,2007. The entire text of the aforementioned applications is
incorporated herein by reference in its entirety.

FEDERALLY SPONSORED RESEARCH OR
DEVELOPMENT

[Not Applicable]

BACKGROUND OF THE INVENTION

The present technology relates to nucleic acids and
encoded polypeptides which are expressed in cancers. The
present technology also relates to agents which bind the
polypeptides. The nucleic acids, polypeptides coded for by
such nucleic acids and peptides derived therefrom, as well as
related antibodies and cytolytic T lymphocytes, are useful,
inter alia, in diagnostic and therapeutic contexts.

Despite interdisciplinary approaches and exhaustive use of
classical therapeutic procedures, cancers are still among the
leading causes of death.

More recent therapeutic concepts in cancer therapy aim at
incorporating the patient’s immune system into the overall
therapeutic concept by using recombinant tumor vaccines
and other specific measures such as antibody therapy. A pre-
requisite for the success of such a strategy is the recognition
of'tumor-specific or tumor-associated antigens or epitopes by
the patient’s immune system whose effector functions are to
be interventionally enhanced.

Tumor cells biologically differ substantially from their
nonmalignant cells of origin. These differences are due to
genetic alterations acquired during tumor development and
result, inter alia, also in the formation of qualitatively or
quantitatively altered molecular structures in the cancer cells.
Tumor-associated structures of this kind which are recog-
nized by the specific immune system of the tumor-harboring
host are referred to as tumor-associated antigens.

The specific recognition of tumor-associated antigens
involves cellular and humoral mechanisms which are two
functionally interconnected units: CD4* and CD8* T lym-
phocytes recognize the processed antigens presented on the
molecules of the MHC (major histocompatibility complex)
classes II and I, respectively, while B lymphocytes produce
circulating antibody molecules which bind directly to
unprocessed antigens. The potential clinical-therapeutical
importance of tumor-associated antigens results from the fact
that the recognition of antigens on neoplastic cells by the
immune system leads to the initiation of cytotoxic effector
mechanisms and, in the presence of T helper cells, can cause
elimination of the cancer cells (Pardoll, Nat. Med. 4:525-31,
1998).

Antibody based cancer therapies have been successfully
introduced into the clinic and have emerged as the most
promising therapeutics in oncology over the last decade.
Eight antibodies have been approved for treatment of neo-
plastic diseases, most of them, however in lymphoma and
leukemia (Adams G P, Weiner L. M, Nat Biotechnol 23:1147-
57, 2005).
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One of the challenges to be mastered for the advent of the
next generation of upgraded antibody-based cancer therapeu-
tics is the selection of appropriate target molecules, which is
the key for a favorable toxicity/efficacy profile.

The search for genes tightly silenced in the vast majority of
healthy tissues moves into the focus of attention the intriguing
observation that genes of the gametogenic and/or trophoblas-
tic lineage are frequently ectopically activated and robustly
expressed in human cancer. Based on phenotypical similari-
ties between germ cells, pregnancy trophoblast and cancer
cells, John Beard proposed as much as 100 years ago a “tro-
phoblastic theory of cancer” (Beard J, Lancet 1:1758-63,
1902; Gurchot C, Oncology 31:310-3, 1975). The discovery
of'the sporadic production of chorionic gonadotropin, alpha-
fetoprotein, CEA and other trophoblastic hormones by cancer
cells provided the first molecules shared between neoplastic
and trophoblastic cells (Acevedo HF et al., Cancer 76:1467-
75, 1995; Dirnhofer S et al., Hum Pathol 29:377-82, 1998;
Gurchot C, Oncology 31:310-3, 1975; Iles R K, Chard T, J
Urol 145:453-8, 1991; Laurence D I, Neville A M, Br J
Cancer 26:335-55, 1972). The concept was reignited by the
inauguration of the steadily growing so-called cancer/germ-
line (CG) class of genes, which represents more than 100
members, each expressed in a variety of tumor types. The
observation that entire trophoblastic and gametogenic pro-
grams escape transcriptional silencing and are ectopically
activated in cancer cells (Koslowski M et al., Cancer Res
64:5988-93, 2004; Simpson A J et al., Nat Rev Cancer 5:615-
25, 2005) indicates that within this class of genes with exquis-
itely selective tissue distribution, appropriate targets formAB
therapy may be found.

It was the object of the present technology to provide target
structures for a diagnosis and therapy of cancers. This object
is achieved by the subject matter of the claims.

BRIEF SUMMARY OF THE INVENTION

According to the present technology, placenta-specific
genes are identified which are selectively or aberrantly
expressed in tumor cells and thus, provide target structures for
therapeutic and diagnostic approaches.

The nucleic acids identified according to the present tech-
nology to be selectively or aberrantly expressed in tumor cells
are selected from the group consisting of (a) a nucleic acid
which comprises a nucleic acid sequence selected from the
group consisting of SEQ ID NOs: 1-540, 541, 545, 549, 553,
557, 560, 563, 566, 570, 574, 577, 580, 583, 587, 591, 595,
599, 602, 606, 610, 613, 617, 620, and 624 of the sequence
listing, a part or derivative thereof, (b) a nucleic acid which
hybridizes with the nucleic acid of (a) under stringent condi-
tions, (¢) anucleic acid which is degenerate with respect to the
nucleic acid of (a) or (b), and (d) a nucleic acid which is
complementary to the nucleic acid of (a), (b) or (c¢). These
nucleic acids are also termed “tumor-associated nucleic
acids” herein.

In another aspect, the present technology relates to anti-
gens encoded by the tumor-associated nucleic acids identified
according to the present technology. Accordingly, the tumor-
associated antigens identified according to the present tech-
nology have an amino acid sequence encoded by a nucleic
acid which is selected from the group consisting of (a) a
nucleic acid which comprises a nucleic acid sequence
selected from the group consisting of SEQ ID NOs: 1-540,
541, 545, 549, 553, 557, 560, 563, 566, 570, 574, 577, 580,
583,587,591, 595,599,602, 606,610, 613,617, 620, and 624
of the sequence listing, a part or derivative thereof, (b) a
nucleic acid which hybridizes with the nucleic acid of (a)
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under stringent conditions, (¢) a nucleic acid which is degen-
erate with respect to the nucleic acid of (a) or (b), and (d) a
nucleic acid which is complementary to the nucleic acid of
(a), (b) or (c). In a preferred embodiment, the tumor-associ-
ated antigens identified according to the present technology
comprise an amino acid sequence selected from the group
consisting of SEQ ID NOs: 542, 546, 550, 554,567, 571, 584,
588, 592, 596, 603, 607, 614, 621, and 625 of the sequence
listing, a part or derivative thereof.

If, according to the present technology, reference is made
to nucleic acids comprising certain nucleic acid sequences or
tumor-associated antigens comprising certain amino acid
sequences this also includes embodiments wherein the
nucleic acids or tumor-associated antigens consist of these
certain nucleic acid sequences or amino acid sequences,
respectively.

The present technology generally relates to the use of
tumor-associated nucleic acids and tumor-associated anti-
gens identified according to the present technology or of parts
or derivatives thereof, of nucleic acids directed against said
tumor-associated nucleic acids, of antibodies or T cells
directed against the tumor-associated antigens identified
according to the present technology or parts or derivatives
thereof and/or of host cells expressing the tumor-associated
antigens identified according to the present technology or
parts or derivatives thereof for therapy, prophylaxis, diagno-
sis and/or monitoring of neoplastic diseases.

This may also involve the use of a combination of two or
more of these nucleic acids, antigens, antibodies, T cells
and/or host cells.

In those embodiments of the present technology relating to
the use of antibodies directed against the tumor-associated
antigens identified according to the present technology or
parts or derivatives thereof also T cell receptors directed
against the tumor-associated antigens identified according to
the present technology or parts or derivatives thereof, option-
ally in a complex with MHC molecules, may be used.

Especially suitable for therapy, prophylaxis, diagnosis and/
or monitoring is a part of the tumor-associated antigens iden-
tified according to the present technology which corresponds
to the non-transmembrane portion, in particular the extracel-
Iular portion of the tumor-associated antigens or is comprised
thereof. Therefore, according to the present technology, a part
of the tumor-associated antigens identified according to the
present technology which corresponds to the non-transmem-
brane portion, in particular the extracellular portion of the
tumor-associated antigens or is comprised thereof, or a cor-
responding part of the nucleic acids coding for the tumor-
associated antigens identified according to the present tech-
nology is preferred for therapy, prophylaxis, diagnosis and/or
monitoring. Similarly the use of antibodies is preferred which
are directed against a part of the tumor-associated antigens
identified according to the present technology which corre-
sponds to the non-transmembrane portion, in particular the
extracellular portion of the tumor-associated antigens or is
comprised thereof.

Preferred diseases for a therapy, prophylaxis, diagnosis
and/or monitoring are those in which one or more of the
tumor-associated nucleic acids identified according to the
present technology are selectively expressed or abnormally
expressed. Particularly preferred diseases for a therapy, pro-
phylaxis, diagnosis and/or monitoring are those in which one
or more of the tumor-associated nucleic acids identified
according to the present technology and/or one or more of the
tumor-associated antigens encoded thereby are selectively
expressed or abnormally expressed.
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In one aspect, the present technology relates to a pharma-
ceutical composition comprising an agent which recognizes a
tumor-associated antigen identified according to the present
technology or a nucleic acid coding for the tumor-associated
antigen and which is preferably selective for cells which have
expression or abnormal expression of a tumor-associated
antigen identified according to the present technology.

In a further aspect, the present technology relates to a
pharmaceutical composition comprising an agent which (I)
inhibits expression or activity of a tumor-associated antigen
identified according to the present technology, and/or (II) has
tumor-inhibiting or tumor-destroying activity and is selective
for cells expressing or abnormally expressing a tumor-asso-
ciated antigen identified according to the present technology,
and/or (III) when administered, selectively increases the
amount of complexes between an MHC molecule and a
tumor-associated antigen identified according to the present
technology or a part thereof, such as a peptide epitope. In
particular embodiments, said agent may cause induction of
cell death, reduction in cell growth, damage to the cell mem-
brane or secretion of cytokines and preferably have a tumor-
inhibiting activity.

In one embodiment, the agent is an antisense nucleic acid
which hybridizes selectively with the nucleic acid coding for
the tumor-associated antigen. In a further embodiment, the
agent is a siRNA preferably comprising a sense RNA strand
and an antisense RNA strand, wherein the sense and antisense
RNA strands form an RNA duplex, and wherein the sense
RNA strand comprises a nucleotide sequence substantially
identical to a target sequence of about 19 to about 25 contigu-
ous nucleotides in a nucleic acid coding for the tumor-asso-
ciated antigen, preferably mRNA coding for the tumor-asso-
ciated antigen. In a further embodiment, the agent is an
antibody which binds selectively to the tumor-associated
antigen, in particular a complement-activated or toxin conju-
gated antibody which binds selectively to the tumor-associ-
ated antigen. In a preferred embodiment, the antibody which
binds selectively to the tumor-associated antigen is coupled to
a therapeutically useful substance and/or recruits natural or
artificial effector mechanisms to said cell expressing or
abnormally expressing said tumor-associated antigen. In a
further embodiment, the agent is a cytotoxic T lymphocyte
which recognizes the tumor-associated antigen or a part
thereof bound by an MHC molecule on a cell and lyses the
cells labeled in this way. In a further embodiment, the agent is
a T helper lymphocyte which recognizes the tumor-associ-
ated antigen or a part thereof bound by an MHC molecule on
a cell and enhances effector functions of other cells specifi-
cally recognizing said tumor-associated antigen or a part
thereof.

In a further embodiment, the agent comprises two or more
agents which each recognize different tumor-associated anti-
gens or different nucleic acids coding for tumor-associated
antigens and/or inhibit expression or activity of different
tumor-associated antigens, and/or have tumor-inhibiting or
tumor-destroying activity and are selective for cells express-
ing or abnormally expressing different tumor-associated anti-
gens, and/or when administered, selectively increase the
amount of complexes between MHC molecules and different
tumor-associated antigens or parts thereof, wherein at least
one of said different tumor-associated antigens is a tumor-
associated antigen identified according to the present tech-
nology.

Preferably, a tumor-associated antigen selectively limited
to tumors serves as a label for recruiting effector mechanisms
to this specific location. In this aspect, the present technology
includes embodiments wherein the agent itself does not have
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an ability to inhibit activity of a tumor-associated antigen or a
tumor-inhibiting or tumor-destroying activity but mediates
such effect, in particular by recruiting effector mechanisms,
in particular those having cell damaging potential, to a spe-
cific location, in particular a tumor or tumor cells.

Preferably, said cells expressing or abnormally expressing
atumor-associated antigen identified according to the present
technology are non-placenta cells.

The activity of a tumor-associated antigen identified
according to the present technology can be any activity of a
protein or a peptide. In one embodiment this activity is an
enzymatic activity.

According to the present technology the phrase “inhibit
expression or activity” includes a complete or essentially
complete inhibition of expression or activity and a reduction
in expression or activity.

The agent which, when administered, selectively increases
the amount of complexes between an MHC molecule and a
tumor-associated antigen identified according to the present
technology or a part thereof comprises one or more compo-
nents selected from the group consisting of (i) the tumor-
associated antigen or a part thereof, (ii) a nucleic acid which
codes for said tumor-associated antigen or a part thereof, (iii)
a host cell which expresses said tumor-associated antigen or
a part thereof, and (iv) isolated complexes between peptide
epitopes from said tumor-associated antigen and an MHC
molecule.

The present technology furthermore relates to a pharma-
ceutical composition which comprises one or more compo-
nents selected from the group consisting of (i) a tumor-asso-
ciated antigen identified according to the present technology
or a part thereof, (ii) a nucleic acid which codes for a tumor-
associated antigen identified according to the present tech-
nology or a part thereof, (iii) an antibody which binds to a
tumor-associated antigen identified according to the present
technology or to a part thereof, (iv) an antisense nucleic acid
which hybridizes specifically with a tumor-associated nucleic
acid identified according to the present technology/a nucleic
acid coding for a tumor-associated antigen identified accord-
ing to the present technology, (v) an siRNA directed against a
tumor-associated nucleic acid identified according to the
present technology/a nucleic acid coding for a tumor-associ-
ated antigen identified according to the present technology,
(vi) a host cell which expresses a tumor-associated antigen
identified according to the present technology or a part
thereof, and (vii) isolated complexes between a tumor-asso-
ciated antigen identified according to the present technology
or a part thereof and an MHC molecule.

In one embodiment, a nucleic acid coding for a tumor-
associated antigen identified according to the present tech-
nology or a part thereof is present in the pharmaceutical
composition in an expression vector and functionally linked
to a promoter. In a further embodiment, a nucleic acid coding
for a tumor-associated antigen identified according to the
present technology or a part thereof is present in the pharma-
ceutical composition in a virus as further described below.

A host cell present in a pharmaceutical composition of the
present technology may secrete the tumor-associated antigen
or the part thereof, may express it on the surface and prefer-
ably may additionally express an MHC molecule which binds
to said tumor-associated antigen or said part thereof. In one
embodiment, the host cell expresses the MHC molecule
endogenously. In a further embodiment, the host cell
expresses the MHC molecule and/or the tumor-associated
antigen or the part thereof in a recombinant manner. The host
cell is preferably nonproliferative. In a preferred embodi-
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6

ment, the host cell is an antigen-presenting cell, in particular
a dendritic cell, a monocyte or a macrophage.

In a further embodiment, an antibody present in a pharma-
ceutical composition of the present technology is a mono-
clonal antibody. In further embodiments, the antibody is a
chimeric or humanized antibody, a fragment of an antibody or
a synthetic antibody. The antibody may be coupled to a thera-
peutically or diagnostically useful agent also termed thera-
peutic or diagnostic agent herein.

An antisense nucleic acid present in a pharmaceutical com-
position of the present technology may comprise a sequence
of 6-50, in particular 10-30, 15-30 and 20-30, contiguous
nucleotides of the nucleic acid coding for the tumor-associ-
ated antigen identified according to the present technology.

In further embodiments, a tumor-associated antigen or a
part thereof, provided by a pharmaceutical composition of the
present technology either directly or via expression of a
nucleic acid, binds to MHC molecules on the surface of cells,
said binding preferably causing a cytolytic response and/or
inducing cytokine release.

A pharmaceutical composition of the present technology
may comprise a pharmaceutically compatible carrier and/or
an adjuvant.

A pharmaceutical composition ofthe present technology is
preferably used for the treatment or prevention of a disease
characterized by selective expression or abnormal expression
of a tumor-associated nucleic acid and/or tumor-associated
antigen. In a preferred embodiment, the disease is a neoplas-
tic disease, preferably cancer.

In a preferred embodiment, the pharmaceutical composi-
tion of the present technology is in the form of a vaccine
which may be used therapeutically or prophylactically. Such
vaccine preferably comprises a tumor-associated antigen
identified according to the present technology or a part
thereof, and/or a nucleic acid which codes for a tumor-asso-
ciated antigen identified according to the present technology
or a part thereof. In particular embodiments, the nucleic acid
is present in a virus or host cell.

The present technology furthermore relates to methods of
treating, preventing, diagnosing or monitoring, i.e. determin-
ing the regression, progression, course and/or onset of, a
disease characterized by expression or abnormal expression
of one of more tumor-associated nucleic acids identified
according to the present technology, preferably also resulting
in expression or abnormal expression of one of more tumor-
associated antigens identified according to the present tech-
nology, preferably a neoplastic disease, in particular cancer.
In one embodiment, the treatment or prevention comprises
administering a pharmaceutical composition of the present
technology.

The methods of diagnosing and/or methods of monitoring
according to the present technology generally concern the
detection of and/or determination of the quantity of one or
more parameters selected from the group consisting of (i) a
tumor-associated nucleic acid identified according to the
present technology, or a part thereof, (ii) a tumor-associated
antigen identified according to the present technology, or a
part thereof, (iii) an antibody against a tumor-associated anti-
gen identified according to the present technology or a part
thereof, and (iv) T lymphocytes, preferably cytotoxic or T
helper lymphocytes, which are specific for a tumor-associ-
ated antigen identified according to the present technology or
apart thereof and/or a complex between the tumor-associated
antigen or a part thereof and an MHC molecule, in a biologi-
cal sample isolated from a patient, preferably from a patient
having said disease, being suspected of having or falling ill
with said disease or having a potential for said disease. Means
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for accomplishing said detection and/or determination of the
quantity are described herein and will be apparent to the
skilled person.

Preferably, the presence of said nucleic acid or said part
thereof, said tumor-associated antigen or said part thereof,
said antibody and/or said T lymphocytes and/or a quantity of
said nucleic acid or said part thereof, said tumor-associated
antigen or said part thereof, said antibody and/or said T lym-
phocytes which is increased compared to a patient without
said disease is indicative for the presence of said disease or a
potential for a development of said disease.

The methods of diagnosing and/or monitoring of the
present technology also include embodiments wherein by
detection or determination of the quantity of said nucleic acid
or said part thereof, said tumor-associated antigen or said part
thereof, said antibody and/or said T lymphocytes it is possible
to assess and/or prognose the metastatic behavior of said
disease, wherein, preferably, the presence of said nucleic acid
or said part thereof, said tumor-associated antigen or said part
thereof, said antibody and/or said T lymphocytes and/or a
quantity of said nucleic acid or said part thereof, said tumor-
associated antigen or said part thereof, said antibody and/or
said T lymphocytes which is increased compared to a patient
without said disease or without a metastasis of said disease is
indicative for a metastatic behavior of said disease or a poten-
tial for a metastatic behavior of said disease.

In particular embodiments, said detection or determination
of the quantity comprises (i) contacting a biological sample
with an agent which binds specifically to said tumor-associ-
ated nucleic acid or said part thereof, to said tumor-associated
antigen or said part thereof, to said antibody or to said T
lymphocytes, and (ii) detecting the formation of or determin-
ing the amount of a complex between the agent and the
nucleic acid or the part thereof, the tumor-associated antigen
or the part thereof, the antibody, or the T lymphocytes.

In one embodiment, the disease is characterized by expres-
sion or abnormal expression of two or more different tumor-
associated nucleic acids preferably also resulting in expres-
sion or abnormal expression of two or more different tumor-
associated antigens and a detection or determination of the
quantity comprises a detection or determination of the quan-
tity of two or more different tumor-associated nucleic acids or
of parts thereof, of two or more different tumor-associated
antigens or of parts thereof, of two or more antibodies binding
to said two or more different tumor-associated antigens or to
parts thereof and/or of two or more T lymphocytes specific for
said two or more different tumor-associated antigens or parts
thereof, or complexes thereof with MHC molecules. In a
further embodiment, the biological sample isolated from the
patient is compared to a comparable normal biological
sample.

The methods of monitoring according to the present tech-
nology preferably comprise a detection of and/or determina-
tion of the quantity of one or more of the parameters men-
tioned above in a first sample at a first point in time and in a
further sample at a second point in time, wherein the course of
the disease is determined by comparing the two samples.

Preferably, a level of said nucleic acid or said part thereof,
said tumor-associated antigen or said part thereof, said anti-
body and/or said T lymphocytes which is increased in a
sample compared to a sample taken earlier from a patient
indicates that the patient has developed or is about to develop
cancer and/or a metastasis of cancer and/or a relapse of can-
cer. Preferably, a level of said nucleic acid or said part thereof,
said tumor-associated antigen or said part thereof, said anti-
body and/or said T lymphocytes which is decreased in a
sample compared to a sample taken earlier from a patient
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indicates regression of cancer and/or a metastasis of cancer in
said patient and thus, preferably indicates a successful cancer
therapy.

According to the present technology, detection of a nucleic
acid or of a part thereof or determining the quantity of a
nucleic acid or of a part thereof may be carried out using a
oligo- or polynucleotide probe which hybridizes specifically
to said nucleic acid or said part thereof or may be carried out
by selective amplification of said nucleic acid or said part
thereof, e.g. by means of PCR amplification. In one embodi-
ment, the oligo- or polynucleotide probe comprises a
sequence of 6-50, in particular 10-30, 15-30 and 20-30, con-
tiguous nucleotides of said nucleic acid.

In particular embodiments, the tumor-associated antigen
or the part thereof which is to be detected or the quantity of
which is to be determined in the methods of the present
technology is present intracellularly, on the cell surface or in
a complex with an MHC molecule.

According to the present technology, detection of a tumor-
associated antigen or of a part thereof or determining the
quantity of a tumor-associated antigen or of a part thereof
may be carried out using an antibody binding specifically to
said tumor-associated antigen or said part thereof.

According to the present technology, detection of an anti-
body or determining the quantity of an antibody may be
carried out using a protein or peptide binding specifically to
said antibody.

According to the present technology, detection of or deter-
mining the quantity of T lymphocytes which are specific for a
tumor-associated antigen or a part thereof and/or a complex
thereof with an MHC molecule may be carried out using a cell
presenting the complex between said tumor-associated anti-
gen or said part thereof and an MHC molecule. T lympho-
cytes may additionally be detected by detecting their prolif-
eration, their cytokine production, and their cytotoxic activity
triggered by specific stimulation with a complex of an MHC
molecule and a tumor-associated antigen or a part thereof. T
lymphocytes may also be detected with aid of a recombinant
MHC molecule or a complex of two or more MHC molecules
loaded with immunogenic fragments of one or more tumor-
associated antigens.

An agent which is used for detection or determining the
quantity in the methods of the present technology such as a
oligo- or polynucleotide probe, an antibody, a protein or
peptide or a cell is preferably labeled in a detectable manner,
in particular by a detectable marker such as a radioactive
marker or an enzymic marker.

In a particular aspect, the present technology relates to a
method of treating, preventing, diagnosing or monitoring a
disease characterized by expression or abnormal expression
of a tumor-associated antigen identified according to the
present technology, which method comprises administering
an antibody which binds to said tumor-associated antigen or
to a part thereof and which is coupled to a therapeutic or
diagnostic agent. The antibody may be a monoclonal anti-
body. In further embodiments, the antibody is a chimeric or
humanized antibody or a fragment of an antibody.

In certain embodiments, the methods of the present tech-
nology of diagnosing or monitoring a disease are performed
with a biological sample containing or suspected of contain-
ing disseminating tumor cells or metastatic tumor cells. Such
biological samples include, for example, blood, serum, bone
marrow, sputum, bronchial aspirate, and/or bronchial lavage.
Preferably, the methods of the present technology of diagnos-
ing or monitoring a disease are performed with a biological
sample not containing placental cells and, in particular, being
a non-placenta biological sample isolated from a subject.
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In one particular aspect, the present technology relates to a
method of treating a patient having a disease characterized by
expression or abnormal expression of a tumor-associated
antigen identified according to the present technology, which
method comprises (i) providing a sample containing immu-
noreactive cells, either obtained from said patient or from
another individual of the same species, in particular a healthy
individual, or an individual of a different species, (ii) contact-
ing said sample with a host cell expressing said tumor-asso-
ciated antigen or a part thereof, under conditions which favor
production of cytolytic T cells against said tumor-associated
antigen or a part thereof, and (iii) introducing the cytolytic T
cells into the patient in an amount suitable for lysing cells
expressing the tumor-associated antigen or a part thereof. In
one embodiment, the method includes cloning of the T cell
receptor of cytolytic T cells obtained and transferring the
nucleic acid coding for the T cell receptor to T cells, either
obtained from said patient or from another individual of the
same species, in particular a healthy individual, or an indi-
vidual of a different species, which T cells thus receive the
desired specificity and, as under (iii), may be introduced into
the patient.

In one embodiment, the host cell endogenously expresses
an MHC molecule. In a further embodiment, the host cell
recombinantly expresses an MHC molecule and/or the
tumor-associated antigen or the part thereof. Preferably, the
host cell presents the tumor-associated antigen or the part
thereof by MHC molecules on its surface. The host cell is
preferably nonproliferative. In a preferred embodiment, the
host cell is an antigen-presenting cell, in particular a dendritic
cell, a monocyte or a macrophage.

The present technology also relates to a method of treating
adisease characterized by expression or abnormal expression
of a tumor-associated antigen identified according to the
present technology, which method comprises (i) identifying
cells from the patient which express abnormal amounts of the
tumor-associated antigen, (ii) isolating a sample of said cells,
(iii) culturing said cells, and (iv) introducing said cells into the
patient in an amount suitable for triggering an immune
response to the cells.

The present technology furthermore relates to a nucleic
acid selected from the group consisting of (a) a nucleic acid
which comprises a nucleic acid sequence selected from the
group consisting of SEQ ID NOs: 1-540, 541, 545, 549, 553,
557, 560, 563, 566, 570, 574, 577, 580, 583, 587, 591, 595,
599, 602, 606, 610, 613,617,620, and 624, a part or derivative
thereof, (b) a nucleic acid which hybridizes with the nucleic
acid of (a) under stringent conditions, (¢) a nucleic acid which
is degenerate with respect to the nucleic acid of (a) or (b), and
(d) a nucleic acid which is complementary to the nucleic acid
of (a), (b) or (c).

In a further aspect, the present technology relates to a
recombinant nucleic acid molecule, in particular DNA or
RNA molecule, which comprises a nucleic acid of the present
technology.

The present technology also relates to host cells which
contain a nucleic acid or recombinant nucleic acid molecule
of the present technology.

The host cell may also comprise a nucleic acid coding for
a MHC molecule. In one embodiment, the host cell endog-
enously expresses the MHC molecule. In a further embodi-
ment, the host cell recombinantly expresses the MHC mol-
ecule and/or the nucleic acid or recombinant nucleic acid
molecule of the present technology or a part thereof. Prefer-
ably, the host cell is nonproliferative. In a preferred embodi-
ment, the host cell is an antigen-presenting cell, in particular
a dendritic cell, a monocyte or a macrophage.
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In a further embodiment, the present technology relates to
oligonucleotides which hybridize with a nucleic acid identi-
fied according to the present technology and which may be
used as genetic probes or as “antisense” molecules. Nucleic
acid molecules in the form of oligonucleotide primers or
competent probes, which hybridize with a nucleic acid iden-
tified according to the present technology or parts thereof,
may be used for detecting said nucleic acid and/or finding
nucleic acids which are homologous to said nucleic acid
identified according to the present technology, e.g. by PCR
amplification, Southern and Northern hybridization. Hybrid-
ization may be carried out under low stringency, more pref-
erably under medium stringency and most preferably under
high stringency conditions.

In a further aspect, the present technology relates to a
protein or peptide which is encoded by a nucleic acid selected
from the group consisting of (a) a nucleic acid which com-
prises a nucleic acid sequence selected from the group con-
sisting of SEQ ID NOs: 1-540, 541, 545, 549, 553, 557, 560,
563, 566, 570, 574, 577, 580, 583, 587, 591, 595, 599, 602,
606, 610, 613,617, 620, and 624, a part or derivative thereof,
(b) anucleic acid which hybridizes with the nucleic acid of (a)
under stringent conditions, (¢) a nucleic acid which is degen-
erate with respect to the nucleic acid of (a) or (b), and (d) a
nucleic acid which is complementary to the nucleic acid of
(a), (b) or (c). In a preferred embodiment, the protein or
peptide comprises an amino acid sequence selected from the
group consisting of SEQ ID NOs: 542, 546, 550, 554, 567,
571, 584, 588, 592, 596, 603, 607, 614, 621, and 625 of the
sequence listing, a part or derivative thereof.

In a further aspect, the present technology relates to an
immunogenic fragment of a tumor-associated antigen identi-
fied according to the present technology. Said fragment pref-
erably binds to a MHC molecule or an antibody, preferably to
ahuman HL A receptor or a human antibody. According to the
present technology, a part or fragment preferably comprises a
sequence of at least 5, at least 6, in particular at least 8, at least
10, atleast 12, at least 15, at least 20, at least 30 or at least 50,
amino acids.

In a further aspect, the present technology relates to an
agent which binds to a tumor-associated antigen identified
according to the present technology or to a part thereof. In a
preferred embodiment, the agent is a protein or peptide, in
particular an antibody, a T cell receptor or an MHC molecule.
In further embodiments, the antibody is a monoclonal, chi-
meric, or humanized antibody, an antibody produced by com-
binatory techniques, or a fragment of an antibody. In one
preferred embodiment, the present technology relates to an
antibody which binds selectively to a complex of (i) a tumor-
associated antigen identified according to the present tech-
nology or a part thereof and (ii) an MHC molecule to which
said tumor-associated antigen identified according to the
present technology or said part thereof binds, with said anti-
body not binding to (i) or (ii) alone.

According to the present technology, the term “binding”
preferably relates to a specific binding. “Specific binding”
means that an agent such as an antibody binds stronger to a
target such as an epitope for which it is specific compared to
the binding to another target. An agent binds stronger to a first
target compared to a second target if it binds to the first target
with a dissociation constant (K,,) which is lower than the
dissociation constant for the second target. Preferably the
dissociation constant (K,,) for the target to which the agent
binds specifically is more than 10-fold, preferably more than
20-fold, more preferably more than 50-fold, even more pref-
erably more than 100-fold, 200-fold, 500-fold or 1000-fold
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lower than the dissociation constant (K,) for the target to
which the agent does not bind specifically.

Such specific antibodies may, for example, be obtained by
immunization using the aforementioned peptides.

The present technology furthermore relates to a conjugate
between an agent of the present technology which binds to a
tumor-associated antigen identified according to the present
technology or to a part thereof or an antibody of the present
technology and a therapeutic or diagnostic agent. In one
embodiment, the therapeutic or diagnostic agent is a toxin.

In a further aspect, the present technology relates to a kit for
detecting a disease characterized by expression or abnormal
expression of one of more tumor-associated nucleic acids
identified according to the present technology, preferably
also resulting in expression or abnormal expression of one of
more tumor-associated antigens identified according to the
present technology, preferably a neoplastic disease, in par-
ticular cancer, which kit comprises agents for detection or
determining the quantity (i) of the tumor-associated nucleic
acid or ofa part thereof, (ii) of the tumor-associated antigen or
of a part thereof, (iii) of antibodies which bind to the tumor-
associated antigen or to a part thereof, and/or (iv) of T cells
which are specific for the tumor-associated antigen or a part
thereof or a complex thereof with an MHC molecule. Such
agents are described herein above.

In one embodiment, the present technology relates to a
pharmaceutical composition which comprises an agent that
(D inhibits expression or activity of a tumor-associated anti-
gen and/or (II) has tumor-inhibiting activity, and is selective
for cells expressing or abnormally expressing a tumor-asso-
ciated antigen and/or (III) when administered, selectively
increases the amount of complexes between an MHC mol-
ecule and a tumor-associated antigen or a part thereof, the
tumor-associated antigen having a sequence encoded by a
nucleic acid which is selected from the group consisting of:
(a) a nucleic acid which comprises a nucleic acid sequence
selected from the group consisting of SEQ ID NOs: 541,
1-540, 545, 549, 553, 557, 560, 563, 566, 570, 574, 577, 580,
583, 587, 591, 595, 599, 602, 606, 610, 613, 617, 620, and
624, a part or derivative thereof, (b) a nucleic acid which
hybridizes with the nucleic acid of (a) under stringent condi-
tions, (¢) anucleic acid which is degenerate with respect to the
nucleic acid of (a) or (b), and (d) a nucleic acid which is
complementary to the nucleic acid of (a), (b) or (c).

In another embodiment, the present technology relates to a
pharmaceutical composition which comprises one or more
components selected from the group consisting of: (i) a
tumor-associated antigen or a part thereof, (ii) a nucleic acid
which codes for a tumor-associated antigen or a part thereof,
(iii) an antibody which binds to a tumor-associated antigen or
apart thereof, (iv) an antisense nucleic acid which hybridizes
specifically with a nucleic acid coding for a tumor-associated
antigen, (v) an siRNA directed against a nucleic acid coding
for a tumor-associated antigen, (vi) a host cell which
expresses a tumor-associated antigen or a part thereof, and
(vii) isolated complexes between a tumor-associated antigen
or a part thereof and an MHC molecule, said tumor-associ-
ated antigen having a sequence encoded by a nucleic acid
which is selected from the group consisting of: (a) a nucleic
acid which comprises a nucleic acid sequence selected from
the group consisting of SEQ ID NOs: 541, 1-540, 545, 549,
553, 557, 560, 563, 566, 570, 574, 577, 580, 583, 587, 591,
595, 599, 602, 606, 610, 613, 617, 620, and 624, a part or
derivative thereof, (b) a nucleic acid which hybridizes with
the nucleic acid of (a) under stringent conditions, (¢) a nucleic
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acid which is degenerate with respect to the nucleic acid of (a)
or (b), and (d) a nucleic acid which is complementary to the
nucleic acid of (a), (b) or (¢).

In yet another embodiment, the present technology relates
to a method of diagnosing or monitoring a cancer disecase
which comprises detecting or determining the quantity (i) of
atumor-associated nucleic acid or of a part thereof, and/or (ii)
of'a tumor-associated antigen or of a part thereof, and/or (iii)
of an antibody to the tumor-associated antigen or a part
thereof and/or (iv) of T lymphocytes which are specific to the
tumor-associated antigen or to a part thereof in a biological
sample isolated from a patient, said tumor-associated nucleic
acid being selected from the group consisting of: (a) a nucleic
acid which comprises a nucleic acid sequence selected from
the group consisting of SEQ ID NOs: 541, 1-540, 545, 549,
553, 557, 560, 563, 566, 570, 574, 577, 580, 583, 587, 591,
595, 599, 602, 606, 610, 613, 617, 620, and 624, a part or
derivative thereof, (b) a nucleic acid which hybridizes with
the nucleic acid of (a) under stringent conditions, (¢) a nucleic
acid which is degenerate with respect to the nucleic acid of (a)
or (b), and (d) a nucleic acid which is complementary to the
nucleic acid of (a), (b) or (c¢), and said tumor-associated
antigen having a sequence encoded by a nucleic acid which is
selected from said group of nucleic acids.

In a further embodiment, the present technology relates to
a method of treating or preventing a disease characterized by
expression or abnormal expression of a tumor-associated
antigen which comprises administration of a pharmaceutical
composition of the present technology, said tumor-associated
antigen having a sequence encoded by a nucleic acid which is
selected from the group consisting of: (a) a nucleic acid which
comprises a nucleic acid sequence selected from the group
consisting of SEQ ID NOs: 541, 1-540, 545, 549, 553, 557,
560, 563, 566, 570, 574, 577, 580, 583, 587, 591, 595, 599,
602, 606, 610, 613, 617, 620, and 624, a part or derivative
thereof, (b) a nucleic acid which hybridizes with the nucleic
acid of (a) under stringent conditions, (¢) a nucleic acid which
is degenerate with respect to the nucleic acid of (a) or (b), and
(d) a nucleic acid which is complementary to the nucleic acid
of'(a), (b) or (c).

In yet another embodiment, the present technology relates
to a method of treating, preventing, diagnosing or monitoring
adisease characterized by expression or abnormal expression
of'a tumor-associated antigen which comprises administering
an antibody that binds to said tumor-associated antigen or to
a part thereof and is coupled to a therapeutic or diagnostic
agent, said tumor-associated antigen having a sequence
encoded by a nucleic acid which is selected from the group
consisting of: (a) a nucleic acid which comprises a nucleic
acid sequence selected from the group consisting of SEQ ID
NOs: 541, 1-540, 545,549, 553,557, 560, 563, 566, 570, 574,
577, 580, 583, 587, 591, 595, 599, 602, 606, 610, 613, 617,
620, and 624, a part or derivative thereof, (b) a nucleic acid
which hybridizes with the nucleic acid of (a) under stringent
conditions, (¢) anucleic acid which is degenerate with respect
to the nucleic acid of (a) or (b), and (d) a nucleic acid which
is complementary to the nucleic acid of (a), (b) or (c).

Another embodiment of the present technology relates to a
method of treating a patient having a disease characterized by
expression or abnormal expression of a tumor-associated
antigen which comprises: (i) providing a sample containing
immunoreactive cells, (ii) contacting said sample with a host
cell expressing said tumor-associated antigen or a part
thereof, under conditions which favor production of cytolytic
or cytokine-releasing T cells against said tumor-associated
antigen or said part thereof, and (iii) introducing the cytolytic
or cytokine-releasing T cells into the patient in an amount
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suitable for lysing cells expressing the tumor-associated anti-
gen or a part thereof, said tumor-associated antigen having a
sequence encoded by a nucleic acid which s selected from the
group consisting of: (a) a nucleic acid which comprises a
nucleic acid sequence selected from the group consisting of
SEQ ID NOs: 541, 1-540, 545, 549, 553, 557, 560, 563, 566,
570, 574, 577, 580, 583, 587, 591, 595, 599, 602, 606, 610,
613, 617, 620, and 624, a part or derivative thereof, (b) a
nucleic acid which hybridizes with the nucleic acid of (a)
under stringent conditions, (¢) a nucleic acid which is degen-
erate with respect to the nucleic acid of (a) or (b), and (d) a
nucleic acid which is complementary to the nucleic acid of
(a), (b) or ().

An additional embodiment of the present technology
relates to a method of inhibiting the development of cancer in
a patient which comprises administering an effective amount
of a pharmaceutical composition of the present technology.

In yet another embodiment, the present technology relates
to an agent, which binds specifically to a protein or polypep-
tide or to a part thereof, said protein or polypeptide being
encoded by a nucleic acid selected from the group consisting
of: (a) anucleic acid which comprises a nucleic acid sequence
selected from the group consisting of SEQ ID NOs: 541,
1-540, 545, 549, 553, 557, 560, 563, 566, 570, 574, 577, 580,
583, 587, 591, 595, 599, 602, 606, 610, 613, 617, 620, and
624, a part or derivative thereof, (b) a nucleic acid which
hybridizes with the nucleic acid of (a) under stringent condi-
tions, (¢) anucleic acid which is degenerate with respect to the
nucleic acid of (a) or (b), and (d) a nucleic acid which is
complementary to the nucleic acid of (a), (b) or (c).

In an additional embodiment, the present technology
relates to an antibody, which binds selectively to a complex
of: (1) a protein or polypeptide or a part thereof and (ii) an
MHC molecule to which said protein or polypeptide or said
part thereof binds, with said antibody not binding to (i) or (ii)
alone and said protein or polypeptide being encoded by a
nucleic acid selected from the group consisting of: (a) a
nucleic acid which comprises a nucleic acid sequence
selected from the group consisting of SEQ ID NOs: 541,
1-540, 545, 549, 553, 557, 560, 563, 566, 570, 574, 577, 580,
583, 587, 591, 595, 599, 602, 606, 610, 613, 617, 620, and
624, a part or derivative thereof, (b) a nucleic acid which
hybridizes with the nucleic acid of (a) under stringent condi-
tions, (¢) anucleic acid which is degenerate with respect to the
nucleic acid of (a) or (b), and (d) a nucleic acid which is
complementary to the nucleic acid of (a), (b) or (c).

In yet another embodiment, the present technology relates
to a kit for detecting cancer, which comprises agents for
detecting or determining the quantity of (i) of a tumor-asso-
ciated nucleic acid or of a part thereof, and/or (ii) of a tumor-
associated antigen or of a part thereof, and/or (iii) of antibod-
ies which bind to the tumor-associated antigen or to a part
thereof, and/or (iv) of T cells which are specific for a complex
between the tumor-associated antigen or a part thereof and an
MHC molecule, said tumor-associated nucleic acid being
selected from the group consisting of: (a) a nucleic acid which
comprises a nucleic acid sequence selected from the group
consisting of SEQ ID NOs: 541, 1-540, 545, 549, 553, 557,
560, 563, 566, 570, 574, 577, 580, 583, 587, 591, 595, 599,
602, 606, 610, 613, 617, 620, and 624, a part or derivative
thereof, (b) a nucleic acid which hybridizes with the nucleic
acid of (a) under stringent conditions, (¢) a nucleic acid which
is degenerate with respect to the nucleic acid of (a) or (b), and
(d) a nucleic acid which is complementary to the nucleic acid
of (a), (b) or (¢), and said tumor-associated antigen having a
sequence encoded by a nucleic acid which is selected from
said group of nucleic acids.
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BRIEF DESCRIPTION OF SEVERAL VIEWS OF
THE DRAWINGS

FIG. 1. Expression of atumor-associated nucleic acid iden-
tified according to the present technology in normal tissues
and cancer tissue. Significant expression of the nucleic acid
sequence according to SEQ ID NO:540 was found only in
placenta tissue and mamma carcinomas.

FIG. 2. Quantitative expression of a tumor-associated
nucleic acid identified according to the present technology in
normal tissues and cancer tissue. Quantitative RT-PCR
showed selective expression of the nucleic acid sequence
according to SEQ ID NO:540 in placenta tissue and mamma
carcinomas.

FIG. 3. Quantitative expression of SEQ ID NO:540 mRNA
in MCF-7 breast cancer cells. Real-time RT-PCR 24 h after
transfection with siRNA oligos showed that both SEQ ID
NO:540-specific siRNAs (siRNA#1 (SEQ ID NO:630, 631),
siRNA#2 (SEQ ID NO:632, 633)) induce robust silencing of
SEQ ID NO:540 expression.

FIG. 4. Silencing of SEQ ID NO:540 expression by trans-
fection with siRNA oligos results in impaired proliferation of
MCF-7 breast cancer cells. Proliferation was quantified 96 h
after transfection with siRNAs by measuring incorporation of
BrdU in newly synthesized DNA strands. These results show
that SEQ ID NO:540 is a positive factor for the proliferation
of breast cancer cells.

FIG. 5. Quantitative expression of SEQ ID NO:541 in
normal tissues and cancer tissue. Real-time RT-PCR showed
overexpression of the nucleic acid sequence according to
SEQ ID NO:541 in lung cancer.

FIG. 6. Quantitative expression of SEQ ID NO:545 in
normal tissues and cancer tissues. Real-time RT-PCR showed
overexpression of the nucleic acid sequence according to
SEQ ID NO:545 in malignant melanomas.

FIG. 7. Quantitative expression of SEQ ID NO:549 in
normal tissues and cancer tissues. Real-time RT-PCR showed
overexpression of the nucleic acid sequence according to
SEQ ID NO:549 in ovarian cancer.

FIG. 8. Quantitative expression of SEQ ID NO:553 in
normal tissues and cancer tissues. Real-time RT-PCR showed
overexpression of the nucleic acid sequence according to
SEQ ID NO:553 in colon cancer and ovarian cancer.

FIG. 9. Quantitative expression of SEQ ID NO:557 in
normal tissues and cancer tissues. Real-time RT-PCR showed
overexpression of the nucleic acid sequence according to
SEQ ID NO:557 in breast cancer.

FIG. 10. Quantitative expression of SEQ ID NO:560 in
normal tissues and cancer tissues. Real-time RT-PCR showed
overexpression of the nucleic acid sequence according to
SEQ ID NO:560 in colon cancer and ovarian cancer.

FIG. 11. Quantitative expression of SEQ ID NO:563 in
normal tissues and cancer tissues. Real-time RT-PCR showed
overexpression of the nucleic acid sequence according to
SEQ ID NO:563 in breast cancer, colon cancer, ovarian can-
cer, lung cancer and melanoma.

FIG. 12. Quantitative expression of SEQ ID NO:566 in
normal tissues and cancer tissues. Real-time RT-PCR showed
overexpression of the nucleic acid sequence according to
SEQ ID NO:566 in gastric cancer, breast cancer, colon can-
cer, ovarian cancer, lung cancer and melanoma.

FIG. 13. Quantitative expression of SEQ ID NO:570 in
normal tissues and cancer tissues. Real-time RT-PCR showed
overexpression of the nucleic acid sequence according to
SEQ ID NO:570 in ovarian cancer, lung cancer and mela-
noma.
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FIG. 14. Quantitative expression of SEQ ID NO:574 in
normal tissues and cancer tissues. Real-time RT-PCR showed
overexpression of the nucleic acid sequence according to
SEQ ID NO:574 in lung cancer and melanoma.

FIG. 15. Quantitative expression of SEQ ID NO:577 in
normal tissues and cancer tissues. Real-time RT-PCR showed
overexpression of the nucleic acid sequence according to
SEQ ID NO:577 in gastric cancer, breast cancer and lung
cancet.

FIG. 16. Quantitative expression of SEQ ID NO:580 in
normal tissues and cancer tissues. Real-time RT-PCR showed
overexpression of the nucleic acid sequence according to
SEQ ID NO:580 in ovarian cancer and lung cancer.

FIG. 17. Quantitative expression of SEQ ID NO:583 in
normal tissues and cancer tissues. Real-time RT-PCR showed
overexpression of the nucleic acid sequence according to
SEQ ID NO:583 in colon cancer, ovarian cancer and lung
cancet.

FIG. 18. Quantitative expression of SEQ ID NO:587 in
normal tissues and cancer tissues. Real-time RT-PCR showed
overexpression of the nucleic acid sequence according to
SEQ ID NO:587 in lung cancer.

FIG. 19. Quantitative expression of SEQ ID NO:591 in
normal tissues and cancer tissues. Real-time RT-PCR showed
overexpression of the nucleic acid sequence according to
SEQ ID NO:591 in breast cancer, colon cancer, ovarian can-
cer, lung cancer and melanoma.

FIG. 20. Quantitative expression of SEQ ID NO:595 in
normal tissues and cancer tissues. Real-time RT-PCR showed
overexpression of the nucleic acid sequence according to
SEQ ID NO:595 in gastric cancer, colon cancer, ovarian
cancer, lung cancer and melanoma.

FIG. 21. Quantitative expression of SEQ ID NO:599 in
normal tissues and cancer tissues. Real-time RT-PCR showed
overexpression of the nucleic acid sequence according to
SEQ ID NO:599 in gastric cancer, breast cancer, lung cancer
and melanoma.

FIG. 22. Quantitative expression of SEQ ID NO:602 in
normal tissues and cancer tissues. Real-time RT-PCR showed
overexpression of the nucleic acid sequence according to
SEQ ID NO:602 in ovarian cancer and lung cancer.

FIG. 23. Quantitative expression of SEQ ID NO:606 in
normal tissues and cancer tissues. Real-time RT-PCR showed
overexpression of the nucleic acid sequence according to
SEQ ID NO:606 in gastric cancer, colon cancer and lung
cancet.

FIG. 24. Quantitative expression of SEQ ID NO:610 in
normal tissues and cancer tissues. Real-time RT-PCR showed
overexpression of the nucleic acid sequence according to
SEQ ID NO:610 in gastric cancer, breast cancer and lung
cancet.

FIG. 25. Quantitative expression of SEQ ID NO:613 in
normal tissues and cancer tissues. Real-time RT-PCR showed
overexpression of the nucleic acid sequence according to
SEQ ID NO:613 in breast cancer, lung cancer and melanoma.

FIG. 26. Quantitative expression of SEQ ID NO:617 in
normal tissues and cancer tissues. Real-time RT-PCR showed
overexpression of the nucleic acid sequence according to
SEQ ID NO:617 in lung cancer and melanoma.

FIG. 27. Quantitative expression of SEQ ID NO:620 in
normal tissues and cancer tissues. Real-time RT-PCR showed
overexpression of the nucleic acid sequence according to
SEQ ID NO:620 in ovarian cancer and melanoma.

FIG. 28. Quantitative expression of SEQ ID NO:624 in
normal tissues and cancer tissues. Real-time RT-PCR showed
overexpression of the nucleic acid sequence according to
SEQ ID NO:624 in gastric cancer and lung cancer.
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DETAILED DESCRIPTION OF THE INVENTION

A reference herein to a range of numerical values is to be
understood so as to specify and mention each of the individual
numerical values comprised by said range. For example, a
reference to SEQ ID NOs: 1-540 is to be understood so as to
refer to each and every of the following individual SEQ ID
NOs: 1,2,3,4,5,6,7,8,9,10,11, 12, 13, 14, 15,16, 17, 18,
19,20,21,22,23,24,25,26,27,28,29,30,31,32, 33,34, 35,
36,37,38,39,40,41,42,43,44,45,46,47,48,49, 50, 51, 52,
53,54,55,56,57,58,59,60, 61, 62,63, 64,65, 66, 67, 68, 69,
70,71,72,73,74,75,76,77,78,79, 80, 81, 82, 83, 84, 85, 86,
87,88, 89,90, 91,92, 93,94, 95,96, 97,98, 99, 100, 101, 102,
103, 104, 105, 106, 107, 108, 109, 110, 111, 112, 113, 114,
115, 116, 117, 118, 119, 120, 121, 122, 123, 124, 125, 126,
127, 128, 129, 130, 131, 132, 133, 134, 135, 136, 137, 138,
139, 140, 141, 142, 143, 144, 145, 146, 147, 148, 149, 150,
151, 152, 153, 154, 155, 156, 157, 158, 159, 160, 161, 162,
163, 164, 165, 166, 167, 168, 169, 170, 171, 172, 173, 174,
175, 176, 177, 178, 179, 180, 181, 182, 183, 184, 185, 186,
187, 188, 189, 190, 191, 192, 193, 194, 195, 196, 197, 198,
199, 200, 201, 202, 203, 204, 205, 206, 207, 208, 209, 210,
211, 212, 213, 214, 215, 216, 217, 218, 219, 220, 221, 222,
223,224,225, 226, 227, 228, 229, 230, 231, 232, 233, 234,
235, 236, 237, 238, 239, 240, 241, 242, 243, 244, 245, 246,
247, 248, 249, 250, 251, 252, 253, 254, 255, 256, 257, 258,
259, 260, 261, 262, 263, 264, 265, 266, 267, 268, 269, 270,
271, 272, 273, 274, 275, 276, 277, 278, 279, 280, 281, 282,
283, 284, 285, 286, 287, 288, 289, 290, 291, 292, 293, 294,
295, 296, 297, 298, 299, 300, 301, 302, 303, 304, 303, 306,
307, 308, 309, 310, 311, 312, 313, 314, 315, 316, 317, 318,
319, 320, 321, 322, 323, 324, 325, 326, 327, 328, 329, 330,
331, 332, 333, 334, 335, 336, 337, 338, 339, 340, 341, 342,
343, 344, 345, 346, 347, 348, 349, 350, 351, 352, 353, 354,
355, 356, 357, 358, 359, 360, 361, 362, 363, 364, 365, 366,
367, 368, 369, 370, 371, 372, 373, 374, 375, 376, 377, 378,
379, 380, 381, 382, 383, 384, 385, 386, 387, 388, 389, 390,
391, 392, 393, 394, 395, 396, 397, 398, 399, 400, 401, 402,
403, 404, 405, 406, 407, 408, 409, 410, 411, 412, 413, 414,
415, 416, 417, 418, 419, 420, 421, 422, 423, 424, 425, 426,
427, 428, 429, 430, 431, 432, 433, 434, 435, 436, 437, 438,
439, 440, 441, 442, 443, 444, 445, 446, 447, 448, 449, 450,
451, 452, 453, 454, 455, 456, 457, 458, 459, 460, 461, 462,
463, 464, 465, 466, 467, 468, 469, 470, 471, 472, 473, 474,
475, 476, 477, 478, 479, 480, 481, 482, 483, 484, 485, 486,
487, 488, 489, 490, 491, 492, 493, 494, 495, 496, 497, 498,
499, 500, 501, 502, 503, 504, 505, 506, 507, 508, 509, 510,
511, 512, 513, 514, 515, 516, 517, 518, 519, 520, 521, 522,
523, 524, 525, 526, 527, 528, 529, 530, 531, 532, 533, 534,
535, 536, 537, 538, 539, and 540.

According to the present technology, a “reference” such as
a reference sample or reference organism may be used to
correlate and compare the results obtained in the methods of
the present technology from a test sample or test organism,
i.e. a patient. Typically the reference organism is a healthy
organism, in particular an organism which does not suffer
from cancer.

A “reference value” can be determined from a reference
empirically by measuring a sufficiently large number of ref-
erences. Preferably the reference value is determined by mea-
suring at least 2, preferably at least 3, preferably at least 5,
preferably at least 8, preferably at least 12, preferably at least
20, preferably at least 30, preferably at least 50, or preferably
at least 100 references.

According to the present technology, a nucleic acid is pref-
erably deoxyribonucleic acid (DNA) or ribonucleic acid
(RNA). Nucleic acids comprise according to the present tech-
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nology genomic DNA, cDNA, mRNA, recombinantly pro-
duced and chemically synthesized molecules. According to
the present technology, a nucleic acid may be present as a
single-stranded or double-stranded and linear or covalently
circularly closed molecule.

The terms “tumor-associated nucleic acid identified
according to the present technology” and ‘“nucleic acid
encoding a tumor-associated antigen identified according to
the present technology” have similar meanings. However, the
different terms are used herein to account for the fact that in
some embodiments only the expression of nucleic acid, in
particular mRNA, is of relevance while the expression of
protein is not a critical factor.

As used herein, the term “RNA” means a molecule com-
prising at least one ribonucleotide residue. By “ribonucle-
otide” is meant a nucleotide with a hydroxyl group at the
2'-position of a beta-D-ribo-furanose moiety. The term
includes double stranded RNA, single stranded RNA, iso-
lated RNA such as partially purified RNA, essentially pure
RNA, synthetic RNA, recombinantly produced RNA, as well
as altered RNA that differs from naturally occurring RNA by
the addition, deletion, substitution and/or alteration of one or
more nucleotides. Such alterations can include addition of
non-nucleotide material, such as to the end(s) of a RNA or
internally, for example at one or more nucleotides of the
RNA. Nucleotides in RNA molecules can also comprise non-
standard nucleotides, such as non-naturally occurring nucle-
otides or chemically synthesized nucleotides or deoxynucle-
otides. These altered RNAs can be referred to as analogs or
analogs of naturally-occurring RNA.

If reference is made herein to the detection of or the deter-
mination of the quantity of a nucleic acid, the nucleic acid
which is actually to be detected or the quantity of which is
actually to be determined is preferably mRNA. However, it
should be understood that this may also include embodiments
wherein mRNA is detected or the quantity of mRNA is deter-
mined indirectly. For example, mRNA may be transformed
into cDNA and the cDNA detected or its quantity determined.
mRNA is given herein as the cDNA equivalent. One skilled in
the art would understand that the cDNA sequence is equiva-
lent to the mRNA sequence, and can be used for the same
purpose herein, e.g., the generation of probes hybridizing to
the nucleic acid to be detected. Thus, if reference is made
herein to the sequences shown in the sequence listing this is
also to include the RNA equivalents of said sequences.

The nucleic acids described according to the present tech-
nology have preferably been isolated. The term “isolated
nucleic acid” means according to the present technology that
the nucleic acid was (i) amplified in vitro, for example by
polymerase chain reaction (PCR), (ii) recombinantly pro-
duced by cloning, (iii) purified, for example by cleavage and
gel-electrophoretic fractionation, or (iv) synthesized, for
example by chemical synthesis. An isolated nucleic acid is a
nucleic acid which is available for manipulation by recombi-
nant DNA techniques.

A degenerate nucleic acid according to the present tech-
nology is a nucleic acid that differs from a reference nucleic
acid in codon sequence due to the degeneracy of the genetic
code.

“Derivative” of a nucleic acid means according to the
present technology that single or multiple such as at least 2, at
least 4, or at least 6 and preferably up to 3, up to 4, up to 5, up
to 6,up to 10, up to 15, or up to 20 nucleotide substitutions,
deletions and/or additions are present in said nucleic acid.
Furthermore, the term “derivative” also comprises chemical
derivatization of a nucleic acid on a nucleotide base, on the
sugar or on the phosphate. The term “derivative” also com-
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prises nucleic acids which contain nucleotides and nucleotide
analogs not occurring naturally.

Preferably the degree of identity between a specific nucleic
acid sequence described herein and a nucleic acid sequence
which is a derivative of said specific nucleic acid sequence,
which hybridizes with said specific nucleic acid sequence
and/or which is degenerate with respect to said specific
nucleic acid sequence will be at least 70%, preferably at least
75%, preferably at least 80%, more preferably at least 85%,
even more preferably at least 90% or most preferably at least
95%, 96%, 97%, 98% or 99%. The degree of identity is
preferably given for a region of at least about 30, at least about
50, at least about 70, at least about 90, at least about 100, at
least about 150, at least about 200, at least about 250, at least
about 300, or at least about 400 nucleotides. In preferred
embodiments, the degree of identity is given for the entire
length of the reference nucleic acid sequence, such as the
nucleic acid sequences given in the sequence listing.

A nucleic acid is “complementary” to another nucleic acid
if the two sequences are capable of hybridizing and forming
a stable duplex with one another, with hybridization prefer-
ably being carried out under conditions which allow specific
hybridization between polynucleotides (stringent condi-
tions). Stringent conditions are described, for example, in
Molecular Cloning: A Laboratory Manual, J. Sambrooketal.,
Editors, 2nd Edition, Cold Spring Harbor Laboratory press,
Cold Spring Harbor, N.Y., 1989 or Current Protocols in
Molecular Biology, F. M. Ausubel et al., Editors, John
Wiley & Sons, Inc., New York and refer, for example, to
hybridization at 65° C. in hybridization buffer (3.5xSSC,
0.02% Ficoll, 0.02% polyvinylpyrrolidone, 0.02% bovine
serum albumin, 2.5 mM NaH,PO, (pH 7), 0.5% SDS, 2 mM
EDTA). SSC is 0.15 M sodium chloride/0.15 M sodium cit-
rate, pH 7. After hybridization, the membrane to which the
DNA has been transferred is washed, for example, in 2xSSC
at room temperature and then in 0.1-0.5xSSC/0.1xSDS at
temperatures of up to 68° C.

A percent complementarity indicates the percentage of
contiguous residues in a nucleic acid molecule that can form
hydrogen bonds (e.g., Watson-Crick base pairing) with a sec-
ond nucleic acid sequence (e.g., 5,6, 7, 8,9, 10 out of 10 being
50%, 60%, 70%, 80%, 90%, and 100% complementary).
“Perfectly complementary” or “fully complementary” means
that all the contiguous residues of a nucleic acid sequence will
hydrogen bond with the same number of contiguous residues
in a second nucleic acid sequence. Preferably, the degree of
complementarity according to the present technology is at
least 70%, preferably at least 75%, preferably at least 80%,
more preferably at least 85%, even more preferably at least
90% or most preferably at least 95%, 96%, 97%, 98% or 99%.

“Sequence similarity” indicates the percentage of amino
acids that either are identical or that represent conservative
amino acid substitutions. “Sequence identity” between two
polypeptide or nucleic acid sequences indicates the percent-
age of amino acids or nucleotides that are identical between
the sequences.

The term “percentage identity” is intended to denote a
percentage of nucleotides or of amino acid residues which are
identical between the two sequences to be compared,
obtained after the best alignment, this percentage being
purely statistical and the differences between the two
sequences being distributed randomly and over their entire
length. Sequence comparisons between two nucleotide or
amino acid sequences are conventionally carried out by com-
paring these sequences after having aligned them optimally,
said comparison being carried out by segment or by “window
of'comparison” in order to identify and compare local regions
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of sequence similarity. The optimal alignment of the
sequences for comparison may be produced, besides manu-
ally, by means of the local homology algorithm of Smith and
Waterman, 1981, Ads App. Math. 2, 482, by means of the
local homology algorithm of Neddleman and Wunsch, 1970,
J. Mol. Biol. 48, 443, by means of the similarity search
method of Pearson and Lipman, 1988, Proc. Natl Acad. Sci.
USA 85, 2444, or by means of computer programs which use
these algorithms (GAP, BESTFIT, FASTA, BLAST P,
BLAST N and TFASTA in Wisconsin Genetics Software
Package, Genetics Computer Group, 575 Science Drive,
Madison, Wis.).

The percentage identity is calculated by determining the
number of identical positions between the two sequences
being compared, dividing this number by the number of posi-
tions compared and multiplying the result obtained by 100 so
as to obtain the percentage identity between these two
sequences.

In one embodiment, a nucleic acid sequence which is a
derivative of a specific nucleic acid sequence, which is degen-
erate with respect to a specific nucleic acid sequence or which
is a part of a specific nucleic acid sequence has a relevant
function and/or activity of the specific nucleic acid sequence,
i.e.itmay encode a protein or peptide having the same activity
or immunological properties as the protein or peptide
encoded by the specific nucleic acid sequence and, in one
embodiment, encodes the same protein or peptide.

Nucleic acids coding for tumor-associated antigens may,
according to the present technology, be present alone or in
combination with other nucleic acids, in particular heterolo-
gous nucleic acids. In preferred embodiments, a nucleic acid
is functionally linked to expression control sequences or
regulatory sequences which may be homologous or heterolo-
gous with respect to said nucleic acid. A coding sequence and
a regulatory sequence are “functionally” linked to one
another, if they are covalently linked to one another in such a
way that expression or transcription of said coding sequence
is under the control or under the influence of said regulatory
sequence. If the coding sequence is to be translated into a
functional protein, then, with a regulatory sequence function-
ally linked to said coding sequence, induction of said regula-
tory sequence results in transcription of said coding sequence,
without causing a frame shift in the coding sequence or said
coding sequence not being capable of being translated into
the desired protein or peptide.

The term “expression control sequence” or “regulatory
sequence” comprises according to the present technology
promoters, enhancers and other control elements which regu-
late expression of a gene. In particular embodiments of the
present technology, the expression control sequences can be
regulated. The exact structure of regulatory sequences may
vary as a function of the species or cell type, but generally
comprises S'untranscribed and S'untranslated sequences
which are involved in initiation of transcription and transla-
tion, respectively, such as TATA box, capping sequence,
CAAT sequence, and the like. More specifically, S'untran-
scribed regulatory sequences comprise a promoter region
which includes a promoter sequence for transcriptional con-
trol of the functionally linked gene. Regulatory sequences
may also comprise enhancer sequences or upstream activator
sequences.

According to the present technology, a nucleic acid may
furthermore be present in combination with another nucleic
acid which codes for a peptide controlling secretion of the
protein or peptide encoded by said nucleic acid from a host
cell. According to the present technology, a nucleic acid may
also be present in combination with another nucleic acid
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which codes for a peptide causing the encoded protein or
peptide to be anchored on the cell membrane of the host cell
or compartmentalized into particular organelles of said cell.
Similarly, a combination with a nucleic acid is possible which
represents a reporter gene or any “tag”.

In a preferred embodiment, a recombinant nucleic acid
molecule is according to the present technology a vector,
where appropriate with a promoter, which controls expres-
sion of a nucleic acid, for example a nucleic acid coding fora
tumor-associated antigen identified according to the present
technology. The term “vector” is used here in its most general
meaning and comprises any intermediary vehicle for a
nucleic acid which enables said nucleic acid, for example, to
be introduced into prokaryotic and/or eukaryotic cells and,
where appropriate, to be integrated into a genome. Vectors of
this kind are preferably replicated and/or expressed in the
cells. An intermediary vehicle may be adapted, for example,
to the use in electroporation, in bombardment with micro-
projectiles, in liposomal administration, in the transfer with
the aid of agrobacteria or in insertion via DNA or RNA
viruses. Vectors comprise plasmids, phagemids, bacterioph-
ages or viral genomes.

The nucleic acids coding for a tumor-associated antigen
identified according to the present technology may be used
for transfection of host cells. Nucleic acids here mean both
recombinant DNA and RNA. Recombinant RNA may be
prepared by in-vitro transcription of a DNA template. Fur-
thermore, it may be modified by stabilizing sequences, cap-
ping and polyadenylation prior to application.

According to the present technology, the term “host cell”
relates to any cell which can be transformed or transfected
with an exogenous nucleic acid. The term “host cells” com-
prises according to the present technology prokaryotic (e.g.
E. coli) or eukaryotic cells (e.g. dendritic cells, B cells, CHO
cells, COS cells, K562 cells, yeast cells and insect cells).
Particular preference is given to mammalian cells such as
cells from humans, mice, hamsters, pigs, goats, primates. The
cells may be derived from a multiplicity of tissue types and
comprise primary cells and cell lines. Specific examples com-
prise keratinocytes, peripheral blood leukocytes, stem cells of
the bone marrow and embryonic stem cells. In further
embodiments, the host cell is an antigen-presenting cell, in
particular a dendritic cell, monocyte or a macrophage. A
nucleic acid may be present in the host cell in the form of a
single copy or of two or more copies and, in one embodiment,
is expressed in the host cell.

According to the present technology, the term “expression”
is used in its most general meaning and comprises the pro-
duction of RNA or of RNA and protein. It also comprises
partial expression of nucleic acids. Furthermore, expression
may be carried out transiently or stably. Preferred expression
systems in mammalian cells comprise pcDNA3.1 and pRc/
CMV (Invitrogen, Carlsbad, Calif.), which contain a select-
able marker such as a gene imparting resistance to G418 (and
thus enabling stably transfected cell lines to be selected) and
the enhancer-promoter sequences of cytomegalovirus
(CMV).

In those cases of the present technology in which a MHC
molecule presents a tumor-associated antigen or a part
thereof, an expression vector may also comprise a nucleic
acid sequence coding for said MHC molecule. The nucleic
acid sequence coding for the MHC molecule may be present
on the same expression vector as the nucleic acid coding for
the tumor-associated antigen or the part thereof, or both
nucleic acids may be present on different expression vectors.
In the latter case, the two expression vectors may be cotrans-
fected into a cell. If a host cell expresses neither the tumor-
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associated antigen or the part thereof nor the MHC molecule,
both nucleic acids coding therefor may be transfected into the
cell either on the same expression vector or on different
expression vectors. If the cell already expresses the MHC
molecule, only the nucleic acid sequence coding for the
tumor-associated antigen or the part thereof can be trans-
fected into the cell.

The present technology also comprises kits for detection
and/or determination of the quantity of nucleic acids. Such
kits comprise, for example, a pair of amplification primers
which hybridize to the nucleic acid which is to be detected or
the amount of which is to be determined. The primers pref-
erably comprise a sequence of 6-50, in particular 10-30,
15-30 and 20-30 contiguous nucleotides of the nucleic acid
and are nonoverlapping, in order to avoid the formation of
primer dimers. One of the primers will hybridize to one strand
of the nucleic acid, and the other primer will hybridize to the
complementary strand in an arrangement which allows
amplification of the nucleic acid.

“Antisense molecules” or “antisense nucleic acids” may be
used for regulating, in particular reducing, expression of a
nucleic acid. The term “antisense molecule” or “antisense
nucleic acid” refers according to the present technology to an
oligonucleotide which is an oligoribonucleotide, oligodeox-
yribonucleotide, modified oligoribonucleotide or modified
oligodeoxyribonucleotide and which hybridizes under physi-
ological conditions to DNA comprising a particular gene or to
mRNA of said gene, thereby inhibiting transcription of said
gene and/or translation of said mRNA. According to the
present technology, an “antisense molecule” also comprises a
construct which contains a nucleic acid or a part thereof in
reverse orientation with respect to its natural promoter. An
antisense transcript of a nucleic acid or of a part thereof may
form a duplex with naturally occurring mRNA and thus pre-
vent accumulation of or translation of the mRNA. Another
possibility is the use of ribozymes for inactivating a nucleic
acid.

Antisense oligonucleotides preferred according to the
present technology have a sequence of 6-50, in particular
10-30, 15-30 and 20-30, contiguous nucleotides of the target
nucleic acid and preferably are fully complementary to the
target nucleic acid or to a part thereof.

In preferred embodiments, the antisense oligonucleotide
hybridizes with an N-terminal or 5' upstream site such as a
translation initiation site, transcription initiation site or pro-
moter site. In further embodiments, the antisense oligonucle-
otide hybridizes with a 3'untranslated region or mRNA splic-
ing site.

In one embodiment, an oligonucleotide of the present tech-
nology consists of ribonucleotides, deoxyribonucleotides or a
combination thereof, with the 5' end of one nucleotide and the
3' end of another nucleotide being linked to one another by a
phosphodiester bond. These oligonucleotides may be synthe-
sized in the conventional manner or produced recombinantly.

In preferred embodiments, an oligonucleotide of the
present technology is a “modified” oligonucleotide. Here, the
oligonucleotide may be modified in very different ways,
without impairing its ability to bind its target, in order to
increase, for example, its stability or therapeutic efficacy.
According to the present technology, the term “modified oli-
gonucleotide” means an oligonucleotide in which (i) at least
two of its nucleotides are linked to one another by a synthetic
internucleoside bond (i.e. an internucleoside bond which is
not a phosphodiester bond) and/or (ii) a chemical group
which is usually not found in nucleic acids is covalently
linked to the oligonucleotide. Preferred synthetic inter-
nucleoside bonds are phosphorothioates, alkyl phosphonates,
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phosphorodithioates, phosphate esters, alkyl phosphonothio-
ates, phosphoramidates, carbamates, carbonates, phosphate
triesters, acetamidates, carboxymethyl esters and peptides.

The term “modified oligonucleotide” also comprises oli-
gonucleotides having a covalently modified base and/or
sugar. “Modified oligonucleotides” comprise, for example,
oligonucleotides with sugar residues which are covalently
bound to low molecular weight organic groups other than a
hydroxyl group at the 3' position and a phosphate group at the
5' position. Modified oligonucleotides may comprise, for
example, a 2'-O-alkylated ribose residue or another sugar
instead of ribose, such as arabinose.

Itis to be understood that all embodiments described above
with respect to oligonucleotides may also apply to polynucle-
otides.

By “small interfering RNA” or “siRNA” as used herein is
meant an isolated RNA molecule, preferably greater than 10
nucleotides in length, more preferably greater than 15 nucle-
otides in length, and most preferably 18, 19,20, 21,22, 23,24,
25, 26, 27, 28, 29, or 30 nucleotides in length that is used to
identify a target gene or mRNA to be degraded. A range of
19-25 nucleotides is the most preferred size for siRNAs.

siRNA according to the present technology can comprise
partially purified RNA, substantially pure RNA, synthetic
RNA, or recombinantly produced RNA, as well as altered
RNA that differs from naturally-occurring RNA by the addi-
tion, deletion, substitution and/or alteration of one or more
nucleotides. Such alterations can include addition of non-
nucleotide material, such as to the end(s) of the siRNA or to
one or more internal nucleotides of the siRNA; modifications
that make the siRNA resistant to nuclease digestion (e. g., the
use of 2'-substituted ribonucleotides or modifications to the
sugar-phosphate backbone); or the substitution of one or
more nucleotides in the siRNA with deoxyribonucleotides.
Furthermore, siRNA may be modified to increase the stability
thereof as described above for modified oligonucleotides, in
particular by introducing one or more phosphorothioate link-
ages.

One or both strands of the siRNA can also comprise a
3'-overhang. As used herein, a “3'-overhang” refers to at least
one unpaired nucleotide extending from the 3'-end of an RNA
strand. Thus in one embodiment, the siRNA comprises at
least one 3'-overhang of from 1 to about 6 nucleotides (which
includes ribonucleotides or deoxynucleotides) in length,
preferably from 1 to about 5 nucleotides in length, more
preferably from 1 to about 4 nucleotides in length, and par-
ticularly preferably from about 2 to about 4 nucleotides in
length. In the embodiment in which both strands of'the siRNA
molecule comprise a 3'-overhang, the length of the overhangs
can be the same or different for each strand. In a most pre-
ferred embodiment, the 3'-overhang is present on both strands
of the siRNA, and is 2 nucleotides in length. For example,
each strand of the siRNA of the present technology can com-
prise 3'-overhangs of dideoxythymidylic acid (“TT”) or diu-
ridylic acid (“uu”

In order to enhance the stability of the siRNA, the 3'-over-
hangs can be also stabilized against degradation. In one
embodiment, the overhangs are stabilized by including purine
nucleotides, such as adenosine or guanosine nucleotides.
Alternatively, substitution of pyrimidine nucleotides by
modified analogues, e.g., substitution of uridine nucleotides
in the 3'-overhangs with 2'-deoxythymidine, is tolerated and
does not affect the efficiency of RNAIi degradation. In par-
ticular, the absence of a 2'-hydroxyl in the 2'-deoxythymidine
significantly enhances the nuclease resistance of the 3'-over-
hang in tissue culture medium.
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The sense and antisense strands ofthe siRNA can comprise
two complementary, single-stranded RNA molecules or can
comprise a single molecule in which two complementary
portions are base-paired and are covalently linked by a single-
stranded “hairpin” area. That is, the sense region and anti-
sense region can be covalently connected via a linker mol-
ecule. The linker molecule can be a polynucleotide or non-
nucleotide linker. Without wishing to be bound by any theory,
it is believed that the hairpin area of the latter type of siRNA
molecule is cleaved intracellularly by the “Dicer” protein (or
its equivalent) to form a siRNA of two individual base-paired
RNA molecules.

Asused herein, “target mRNA” refers to an RNA molecule
that is a target for downregulation.

siRNA can be expressed from pol III expression vectors
without a change in targeting site, as expression of RNAs
from pol III promoters is only believed to be efficient when
the first transcribed nucleotide is a purine.

siRNA according to the present technology can be targeted
to any stretch of approximately 19-25 contiguous nucleotides
in any of the target mRNA sequences (the “target sequence”).
Techniques for selecting target sequences for siRNA are
given, for example, in Tuschl T. et al., “The siRNA User
Guide”, revised Oct. 11, 2002, the entire disclosure of which
is herein incorporated by reference. “The siRNA User Guide”
is available on the world wide web at a website maintained by
Dr. Thomas Tuschl, Laboratory of RNA Molecular Biology,
Rockefeller University, New York, USA, and can be found by
accessing the website of the Rockefeller University and
searching with the keyword “siRNA”. Thus, the sense strand
of the present siRNA comprises a nucleotide sequence sub-
stantially identical to any contiguous stretch of about 19 to
about 25 nucleotides in the target mRNA.

Generally, a target sequence on the target mRNA can be
selected from a given cDNA sequence corresponding to the
target mRNA, preferably beginning 50 to 100 nt downstream
(i.e., in the 3'-direction) from the start codon. The target
sequence can, however, be located in the 5'- or 3'-untranslated
regions, or in the region nearby the start codon.

siRNA can be obtained using a number of techniques
known to those of skill in the art. For example, siRNA can be
chemically synthesized or recombinantly produced using
methods known in the art, such as the Drosophila in vitro
system described in U.S. published application 2002/
0086356 of Tuschl et al., the entire disclosure of which is
herein incorporated by reference.

Preferably, siRNA is chemically synthesized using appro-
priately protected ribonucleoside phosphoramidites and a
conventional DNA/RNA synthesizer. siRNA can be synthe-
sized as two separate, complementary RNA molecules, or as
a single RNA molecule with two complementary regions.

Alternatively, siRNA can also be expressed from recombi-
nant circular or linear DNA plasmids using any suitable pro-
moter. Such embodiments are included according to the
present technology when reference is made herein to the
administration of siRNA or the incorporation of siRNA into
pharmaceutical compositions. Suitable promoters for
expressing siRNA of the present technology from a plasmid
include, for example, the U6 or H1 RNA pol III promoter
sequences and the cytomegalovirus promoter.

Selection of other suitable promoters is within the skill in
the art. The recombinant plasmids of the present technology
can also comprise inducible or regulatable promoters for
expression of the siRNA in a particular tissue or in a particular
intracellular environment.

The siRNA expressed from recombinant plasmids can
either be isolated from cultured cell expression systems by
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standard techniques, or can be expressed intracellularly. The
use of recombinant plasmids to deliver siRNA to cells in vivo
is discussed in more detail below. siRNA can be expressed
from a recombinant plasmid either as two separate, comple-
mentary RNA molecules, or as a single RNA molecule with
two complementary regions.

Selection of plasmids suitable for expressing siRNA,
methods for inserting nucleic acid sequences for expressing
the siRNA into the plasmid, and methods of delivering the
recombinant plasmid to the cells of interest are within the skill
in the art.

siRNA can also be expressed from recombinant viral vec-
tors intracellularly in vivo. The recombinant viral vectors
comprise sequences encoding the siRNA and any suitable
promoter for expressing the siRNA sequences. The recombi-
nant viral vectors can also comprise inducible or regulatable
promoters for expression of the siRNA in a particular tissue or
in a particular intracellular environment. siRNA can be
expressed from a recombinant viral vector either as two sepa-
rate, complementary RNA molecules, or as a single RNA
molecule with two complementary regions.

The term “peptide” comprises oligo- and polypeptides and
refers to substances comprising two or more, preferably 3 or
more, preferably 4 or more, preferably 6 or more, preferably
8 or more, preferably 10 or more, preferably 13 or more,
preferably 16 more, preferably 21 or more and up to prefer-
ably 8, 10, 20, 30, 40 or 50, in particular 100 amino acids
joined covalently by peptide bonds. The term “protein” refers
to large peptides, preferably to peptides with more than 100
amino acid residues, but in general the terms “peptides” and
“proteins” are synonyms and are used interchangeably
herein.

Preferably, the proteins and peptides described according
to the present technology have been isolated. The terms “iso-
lated protein” or “isolated peptide” mean that the protein or
peptide has been separated from its natural environment. An
isolated protein or peptide may be in an essentially purified
state. The term “essentially purified” means that the protein or
peptide is essentially free of other substances with which it is
associated in nature or in vivo.

Such proteins and peptides may be used, for example, in
producing antibodies and in an immunological or diagnostic
assay or as therapeutics. Proteins and peptides described
according to the present technology may be isolated from
biological samples such as tissue or cell homogenates and
may also be expressed recombinantly in a multiplicity of pro-
or eukaryotic expression systems.

For the purposes of the present technology, “derivatives” of
a protein or peptide or of an amino acid sequence comprise
amino acid insertion variants, amino acid deletion variants
and/or amino acid substitution variants.

Amino acid insertion variants comprise amino- and/or car-
boxy-terminal fusions and also insertions of single or two or
more amino acids in a particular amino acid sequence. In the
case of amino acid sequence variants having an insertion, one
or more amino acid residues are inserted into a particular site
in an amino acid sequence, although random insertion with
appropriate screening of the resulting product is also possible.

Amino acid deletion variants are characterized by the
removal of one or more amino acids from the sequence.

Amino acid substitution variants are characterized by at
least one residue in the sequence being removed and another
residue being inserted in its place. Preference is given to the
modifications being in positions in the amino acid sequence
which are not conserved between homologous proteins or
peptides and/or to replacing amino acids with other ones
having similar properties.
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“Conservative substitutions” may be made, for instance, on
the basis of similarity in polarity, charge, solubility, hydro-
phobicity, hydrophilicity, and/or the amphipathic nature of
the residues involved. For example: (a) nonpolar (hydropho-
bic) amino acids include alanine, leucine, isoleucine, valine,
proline, phenylalanine, tryptophan, and methionine; (b) polar
neutral amino acids include glycine, serine, threonine, cys-
teine, tyrosine, asparagine, and glutamine; (c) positively
charged (basic) amino acids include arginine, lysine, and
histidine; and (d) negatively charged (acidic) amino acids
include aspartic acid and glutamic acid. Substitutions typi-
cally may be made within groups (a)-(d). In addition, glycine
and proline may be substituted for one another based on their
ability to disrupt a-helices. Some preferred substitutions may
be made among the following groups: (i) Sand T; (i1) P and G;
and (iii) A, V, L and I. Given the known genetic code, and
recombinant and synthetic DNA techniques, the skilled sci-
entist readily can construct DNAs encoding the conservative
amino acid variants.

Preferably the degree of similarity, preferably identity
between a specific amino acid sequence described herein and
an amino acid sequence which is a derivative of said specific
amino acid sequence will be at least 70%, preferably at least
80%, preferably at least 85%, even more preferably at least
90% or most preferably at least 95%, 96%, 97%, 98% or 99%.
The degree of similarity or identity is given preferably for a
region of at least about 20, at least about 40, at least about 60,
at least about 80, at least about 100, at least about 120, at least
about 140, at least about 160, at least about 200 or 250 amino
acids. In preferred embodiments, the degree of similarity or
identity is given for the entire length of the reference amino
acid sequence.

In one embodiment, a protein or peptide which is a deriva-
tive of a specific protein or peptide or which is a part of a
specific protein or peptide has a relevant function and/or
activity of the specific protein or peptide, i.e. it may have the
same activity or immunological properties as the specific
protein or peptide.

The amino acid variants described above may be readily
prepared with the aid of known peptide synthesis techniques
such as, for example, by solid phase synthesis (Merrifield,
1964) and similar methods or by recombinant DNA manipu-
lation. The manipulation of DNA sequences for preparing
proteins and peptides having substitutions, insertions or dele-
tions, is described in detail in Sambrook et al. (1989), for
example.

According to the present technology, “derivatives” of pro-
teins and peptides also comprise single or multiple substitu-
tions, deletions and/or additions of any molecules associated
with the protein or peptide, such as carbohydrates, lipids
and/or proteins or peptides. The term “derivative” also
extends to all functional chemical equivalents of said proteins
and peptides.

According to the present technology, a part or fragment of
a tumor-associated antigen preferably has a functional prop-
erty of the protein or peptide from which it has been derived.
Such functional properties comprise the interaction with anti-
bodies, the interaction with other peptides or proteins, the
selective binding of nucleic acids and an enzymatic activity. A
particular property is the ability to form a complex with MHC
molecules and, where appropriate, generate an immune
response, preferably by stimulating cytotoxic or T helper
cells. A part or fragment of a tumor-associated antigen pref-
erably comprises a sequence of at least 6, in particular at least
8, at least 10, at least 12, at least 15, at least 20, at least 30 or
at least 50, consecutive amino acids of the tumor-associated
antigen. A part or fragment of a tumor-associated antigen
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preferably comprises a sequence of up to 8, in particular up to
10, up to 12, up to 15, up to 20, up to 30 or up to 55,
consecutive amino acids of the tumor-associated antigen. A
part or fragment of a tumor-associated antigen is preferably a
part of the tumor-associated antigen which corresponds to the
non-transmembrane portion, in particular the extracellular
portion of the antigen, or is comprised thereof.

Preferred parts or fragments of a tumor-associated antigen
are in particular suitable for the stimulation of cytotoxic
T-lymphocytes in vivo but also for the production of
expanded and stimulated T-lymphocytes for the therapeutic
adoptive transfer ex vivo.

A part or a fragment of a nucleic acid coding for a tumor-
associated antigen relates according to the present technology
to the part of the nucleic acid, which codes at least for the
tumor-associated antigen and/or for a part or a fragment of
said tumor-associated antigen, as defined above. A part or
fragment of a nucleic acid coding for a tumor-associated
antigen is preferably that part of the nucleic acid correspond-
ing to the open reading frame.

According to the present technology, particular embodi-
ments ought to involve providing “dominant negative” pro-
teins or peptides derived from tumor-associated antigens. A
dominant negative protein or peptide is an inactive protein or
peptide variant which, by way of interacting with the cellular
machinery, displaces an active protein or peptide from its
interaction with the cellular machinery or which competes
with the active protein or peptide, thereby reducing the effect
of'said active protein.

Antisera which contain specific antibodies specifically
binding to the target protein can be prepared by various stan-
dard processes; see, for example, “Monoclonal Antibodies: A
Practical Approach” by Philip Shepherd, Christopher Dean
ISBN 0-19-963722-9; “Antibodies: A Laboratory Manual”
by Ed Harlow, David Lane, ISBN: 0879693142 and “Using
Antibodies: A Laboratory Manual: Portable Protocol NO” by
Edward Harlow, David Lane, Ed Harlow ISBN 0879695447
Thereby it is also possible to generate affine and specific
antibodies which recognize complex membrane proteins in
their native form (Azorsa et al., J. Immunol. Methods 229:
35-48, 1999; Anderson et al., J. Immunol. 143: 1899-1904,
1989; Gardsvoll, J. Immunol. Methods 234: 107-116, 2000).
This is in particular relevant for the preparation of antibodies
which are to be used therapeutically, but also for many diag-
nostic applications. In this respect, it is possible to immunize
with the whole protein, with extracellular partial sequences as
well as with cells which express the target molecule in physi-
ologically folded form.

Monoclonal antibodies are traditionally prepared using the
hybridoma technology. (for technical details see: “Mono-
clonal Antibodies: A Practical Approach” by Philip Shep-
herd, Christopher Dean ISBN 0-19-963722-9; “Antibodies:
A Laboratory Manual” by Ed Harlow, David Lane ISBN:
0879693142; “Using Antibodies: A Laboratory Manual: Por-
table Protocol NO” by Edward Harlow, David Lane, Ed Har-
low ISBN: 0879695447).

It is known that only a small part of an antibody molecule,
the paratope, is involved in binding of the antibody to its
epitope (cf. Clark, W. R. (1986), The Experimental Founda-
tions of Modern Immunology, Wiley & Sons, Inc., New York;
Roitt, 1. (1991), Essential Immunology, 7th Edition, Black-
well Scientific Publications, Oxford). The pFc'and Fe regions
are, for example, effectors of the complement cascade but are
not involved in antigen binding. An antibody from which the
pFc' region has been enzymatically removed or which has
been produced without the pFc' region, referred to as F(ab'),
fragment, carries both antigen binding sites of a complete
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antibody. Similarly, an antibody from which the Fc region has
been enzymatically removed or which has been produced
without said Fc region, referred to as Fab fragment, carries
one antigen binding site of an intact antibody molecule. Fur-
thermore, Fab fragments consist of a covalently bound light
chain of an antibody and part of the heavy chain of said
antibody, referred to as Fd. The Fd fragments are the main
determinants of antibody specificity (a single Fd fragment
can be associated with up to ten different light chains, without
altering the specificity of the antibody) and Fd fragments,
when isolated, retain the ability to bind to an epitope.

Located within the antigen-binding part of an antibody are
complementary-determining regions (CDRs) which interact
directly with the antigen epitope and framework regions
(FRs) which maintain the tertiary structure of the paratope.
Both the Fd fragment of the heavy chain and the light chain of
IgG immunoglobulins contain four framework regions (FR1
to FR4) which are separated in each case by three comple-
mentary-determining regions (CDR1 to CDR3). The CDRs
and, in particular, the CDR3 regions and, still more particu-
larly, the CDR3 region of the heavy chain are responsible to a
large extent for antibody specificity.

Non-CDR regions of a mammalian antibody are known to
be able to be replaced by similar regions of antibodies with
the same or a different specificity, with the specificity for the
epitope of the original antibody being retained. This made
possible the development of “humanized” antibodies in
which nonhuman CDRs are covalently linked to human FR
and/or Fc/pFc' regions to produce a functional antibody.

As another example, WO 92/04381 describes the produc-
tion and use of humanized murine RSV antibodies in which at
least part of the murine FR regions have been replaced with
FR regions of a human origin. Antibodies of this kind, includ-
ing fragments of intact antibodies with antigen-binding capa-
bility, are often referred to as “chimeric” antibodies.

According to the present technology, the term “antibody”
also includes F(ab'),, Fab, Fv, and Fd fragments of antibodies,
chimeric antibodies, in which the Fc and/or FR and/or CDR1
and/or CDR2 and/or light chain-CDR3 regions have been
replaced with homologous human or nonhuman sequences,
chimeric F(ab'),-fragment antibodies in which the FR and/or
CDRI1 and/or CDR2 and/or light chain-CDR3 regions have
been replaced with homologous human or nonhuman
sequences, chimeric Fab-fragment antibodies in which the
FR and/or CDR1 and/or CDR2 and/or light chain-CDR3
regions have been replaced with homologous human or non-
human sequences, and chimeric Fd-fragment antibodies in
which the FR and/or CDR1 and/or CDR2 regions have been
replaced with homologous human or nonhuman sequences.
The term “antibody” also comprises “single-chain” antibod-
ies.

The present technology also comprises proteins and pep-
tides which bind specifically to tumor-associated antigens.
Binding substances of this kind may be provided, for
example, by degenerate peptide libraries which may be pre-
pared simply in solution in an immobilized form or as phage-
display libraries. It is likewise possible to prepare combina-
torial libraries of peptides with one or more amino acids.
Libraries of peptoids and nonpeptidic synthetic residues may
also be prepared.

Antibodies may also be coupled to specific diagnostic sub-
stances for displaying cells and tissues expressing tumor-
associated antigens. They may also be coupled to therapeuti-
cally useful substances.

Diagnostic substances or agents include any label that
functions to: (i) provide a detectable signal; (ii) interact with
a second label to modify the detectable signal provided by the
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first or second label, e.g. FRET (Fluorescence Resonance
Energy Transfer); (iii) affect mobility, e.g. electrophoretic
mobility, by charge, hydrophobicity, shape, or other physical
parameters, or (iv) provide a capture moiety, e.g., affinity,
antibody/antigen, or ionic complexation. Suitable as label are
structures, such as fluorescent labels, luminescent labels,
chromophore labels, radioisotopic labels, isotopic labels,
preferably stable isotopic labels, isobaric labels, enzyme
labels, particle labels, in particular metal particle labels, mag-
netic particle labels, polymer particle labels, small organic
molecules such as biotin, ligands of receptors or binding
molecules such as cell adhesion proteins or lectins, label-
sequences comprising nucleic acids and/or amino acid resi-
dues which can be detected by use of binding agents, etc.
Diagnostic substances comprise, in a nonlimiting manner,
barium sulfate, iocetamic acid, iopanoic acid, calcium ipo-
date, sodium diatrizoate, meglumine diatrizoate, metriza-
mide, sodium tyropanoate and radio diagnostic, including
positron emitters such as fluorine-18 and carbon-11, gamma
emitters such as iodine-123, technetium-99m, iodine-131 and
indium-111, nuclides for nuclear magnetic resonance, such as
fluorine and gadolinium.

According to the present technology, the terms “therapeu-
tically useful substance”, “therapeutic substance” or “thera-
peutic agent” means any molecule which may exert a thera-
peutic effect. According to the present technology, a
therapeutically useful substance is preferably selectively
guided to a cell which expresses one or more tumor-associ-
ated antigens and includes anticancer agents, radioactive
iodine-labeled compounds, toxins, cytostatic or cytolytic
drugs, etc. Anticancer agents comprise, for example, amino-
glutethimide, azathioprine, bleomycin sulfate, busulfan, car-
mustine, chlorambucil, cisplatin, cyclophosphamide,
cyclosporine, cytarabidine, dacarbazine, dactinomycin,
daunorubin, doxorubicin, taxol, etoposide, fluorouracil,
interferon-c,, lomustine, mercaptopurine, methotrexate,
mitotane, procarbazine HCl, thioguanine, vinblastine sulfate
and vincristine sulfate. Other anticancer agents are described,
for example, in Goodman and Gilman, “The Pharmacological
Basis of Therapeutics™, 8th Edition, 1990, McGraw-Hill,
Inc., in particular Chapter 52 (Antineoplastic Agents (Paul
Calabresi and Bruce A. Chabner). Toxins may be proteins
such as pokeweed antiviral protein, cholera toxin, pertussis
toxin, ricin, gelonin, abrin, diphtheria exotoxin or Pseudomo-
nas exotoxin. Toxin residues may also be high energy-emit-
ting radionuclides such as cobalt-60.

The term “major histocompatibility complex” or “MHC”
relates to a complex of genes present in all vertebrates. MHC
proteins or molecules are involved in signaling between lym-
phocytes and antigen presenting cells in normal immune
reactions by binding peptides and presenting them for recog-
nition by T cell receptors (TCR). MHC molecules bind pep-
tides within an intracellular processing compartment and
present these peptides on the surface of antigen presenting
cells for recognition by T cells. The human MHC region also
termed HLA is located on chromosome 6 and includes the
class I and class Il region. In one preferred embodiment of all
aspects of the present technology an MHC molecule is an
HLA molecule.

“Reduce” or “inhibit” as used herein means the ability to
cause an overall decrease, preferably of 20% or greater, more
preferably of 50% or greater, and most preferably of 75% or
greater, in the level, e.g. in the level of protein or mRNA as
compared to a reference sample (e.g., a sample not treated
with siRNA). This reduction or inhibition of RNA or protein
expression can occur through targeted mRNA cleavage or
degradation. Assays for protein expression or nucleic acid
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expression are known in the art and include, for example,
ELISA, western blot analysis for protein expression, and
northern blotting or RNase protection assays for RNA.

The term “patient” means according to the present tech-
nology a human being, a nonhuman primate or another ani-
mal, in particular a mammal such as a cow, horse, pig, sheep,
goat, dog, cat or a rodent such as a mouse and rat. In a
particularly preferred embodiment, the patient is a human
being.

According to the present technology the term “increased”
or “increased amount” preferably refers to an increase by at
least 10%, in particular at least 20%, at least 50% or at least
100%. The amount of a substance is also increased in a test
sample such as a biological sample compared to a reference
sample if it is detectable in the test sample but absent or not
detectable in the reference sample.

According to the present technology, the term “disease”
refers to any pathological state in which tumor-associated
nucleic acids and/or tumor-associated antigens are expressed
or abnormally expressed. “Abnormal expression” means
according to the present technology that expression is altered,
preferably increased, compared to the state in a healthy indi-
vidual. An increase in expression refers to an increase by at
least 10%, in particular at least 20%, at least 50% or at least
100%. In one embodiment, expression is only found in tissue
of a diseased individual, while expression in a healthy indi-
vidual is repressed or is repressed in a healthy individual
except for placenta. One example of such a disease is cancer,
wherein the term “cancer” according to the present technol-
ogy comprises leukemias, seminomas, melanomas, terato-
mas, lymphomas, neuroblastomas, gliomas, rectal cancer,
endometrial cancer, kidney cancer, adrenal cancer, thyroid
cancer, blood cancer, skin cancer, cancer of the brain, cervical
cancer, intestinal cancer, liver cancer, colon cancer, stomach
cancer, intestine cancer, head and neck cancer, gastrointesti-
nal cancer, lymph node cancer, esophagus cancer, colorectal
cancer, pancreas cancer, ear, nose and throat (ENT) cancer,
breast cancer, prostate cancer, cancer of the uterus, ovarian
cancer and lung cancer and the matastases thereof. Examples
thereof are lung carcinomas, mamma carcinomas, prostate
carcinomas, colon carcinomas, renal cell carcinomas, cervi-
cal carcinomas, or metastases of the cancer types or tumors
described above. The term cancer according to the present
technology also comprises cancer metastases.

By “tumor” is meant an abnormal group of cells or tissue
that grows by a rapid, uncontrolled cellular proliferation and
continues to grow after the stimuli that initiated the new
growth cease. Tumors show partial or complete lack of struc-
tural organization and functional coordination with the nor-
mal tissue, and usually form a distinct mass of tissue, which
may be either benign or malignant.

By “metastasis” is meant the spread of cancer cells from its
original site to another part of the body. The formation of
metastasis is a very complex process and depends on detach-
ment of malignant cells from the primary tumor, invasion of
the extracellular matrix, penetration of the endothelial base-
ment membranes to enter the body cavity and vessels, and
then, after being transported by the blood, infiltration of target
organs. Finally, the growth of a new tumor at the target site
depends on angiogenesis. Tumor metastasis often occurs
even after the removal of the primary tumor because tumor
cells or components may remain and develop metastatic
potential. In one embodiment, the term “metastasis” accord-
ing to the present technology relates to “distant metastasis”
which relates to a metastasis which is remote from the pri-
mary tumor and the regional lymph node system.
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According to the present technology, a biological sample
may be a tissue sample, including bodily fluids, and/or a
cellular sample and may be obtained in the conventional
manner such as by tissue biopsy, including punch biopsy, and
by taking blood, bronchial aspirate, sputum, urine, feces or
other body fluids. According to the present technology, the
term “biological sample” also includes fractions of biological
samples. Preferably, the term “biological sample” according
to the present technology does not include samples derived
from placental tissue.

According to the present technology, the term “immunore-
active cell” means a cell which can mature into an immune
cell (such as B cell, T helper cell, or cytolytic T cell) with
suitable stimulation. Immunoreactive cells comprise CD34*
hematopoietic stem cells, immature and mature T cells and
immature and mature B cells. If production of cytolytic or T
helper cells recognizing a tumor-associated antigen is
desired, the immunoreactive cell is contacted with a cell
expressing a tumor-associated antigen under conditions
which favor production, differentiation and/or selection of
cytolytic T cells and of T helper cells. The differentiation of T
cell precursors into a cytolytic T cell, when exposed to an
antigen, is similar to clonal selection of the immune system.

The terms “T cell” and “T lymphocyte” are used inter-
changeably herein and include T helper cells and cytotoxic T
cells which comprise cytolytic T cells.

Some therapeutic methods are based on a reaction of the
immune system of a patient, which results in a lysis of anti-
gen-presenting cells such as cancer cells which present one or
more tumor-associated antigens. In this connection, for
example autologous cytotoxic T lymphocytes specific for a
complex of a tumor-associated antigen and an MHC molecule
are administered to a patient having a cellular abnormality.
The production of such cytotoxic T lymphocytes in vitro is
known. An example of a method of differentiating T cells can
be found in WO-A-9633265. Generally, a sample containing
cells such as blood cells is taken from the patient and the cells
are contacted with a cell which presents the complex and
which can cause propagation of cytotoxic T lymphocytes
(e.g. dendritic cells). The target cell may be a transfected cell
such as a COS cell. These transfected cells present the desired
complex on their surface and, when contacted with cytotoxic
T lymphocytes, stimulate propagation of the latter. The
clonally expanded autologous cytotoxic T lymphocytes are
then administered to the patient.

In another method of selecting antigen-specific cytotoxic T
lymphocytes, fluorogenic tetramers of MHC class I molecule/
peptide complexes are used for obtaining specific clones of
cytotoxic T lymphocytes (Altman et al., Science 274:94-96,
1996, Dunbar et al., Curr. Biol. 8:413-416, 1998).

The present technology also includes therapeutic methods
referred to as adoptive transfer (Greenberg, J. Immunol. 136
(5):1917, 1986; Riddel et al., Science 257:238, 1992; Lynch
etal., Fur. J. Immunol. 21:1403-1410, 1991; Kast et al., Cell
59:603-614, 1989), wherein cells presenting the desired com-
plex (e.g. dendritic cells) are combined with cytotoxic T
lymphocytes of the patient to be treated, resulting in a propa-
gation of specific cytotoxic T lymphocytes. The propagated
cytotoxic T lymphocytes are then administered to a patient
having a cellular anomaly characterized by particular abnor-
mal cells presenting the specific complex. The cytotoxic T
lymphocytes then lyse the abnormal cells, thereby achieving
a desired therapeutic effect.

Furthermore, cells presenting the desired complex (e.g.
dendritic cells) may be combined with cytotoxic T lympho-
cytes of healthy individuals or another species (e.g. mouse)
which may result in propagation of specific cytotoxic T lym-
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phocytes with high affinity. The high affinity T cell receptor of
these propagated specific T lymphocytes may be cloned and
optionally humanized to a different extent, and the T cell
receptors thus obtained then transduced via gene transfer, for
example using retroviral vectors, into T cells of patients.
Adoptive transfer may then be carried out using these geneti-
cally altered T lymphocytes (Stanislawski et al., Nat Immu-
nol. 2:962-70, 2001, Kessels et al., Nat Immunol. 2:957-61,
2001).

Adoptive transfer is not the only form of therapy which can
be applied according to the present technology. Cytotoxic T
lymphocytes may also be generated in vivo in a manner
known per se. One method uses nonproliferative cells
expressing the complex. The cells used here will be those
which usually express the complex, such as irradiated tumor
cells or cells transfected with one or both genes necessary for
presentation of the complex (i.e. the antigenic peptide and the
presenting MHC molecule). Another preferred form is the
introduction of the tumor-associated antigen in the form of
recombinant RNA which may be introduced into cells by
liposomal transfer or by electroporation, for example. The
resulting cells present the complex of interest and are recog-
nized by autologous cytotoxic T lymphocytes which then
propagate.

A similar effect can be achieved by combining the tumor-
associated antigen or a fragment thereof with an adjuvant in
order to make incorporation into antigen-presenting cells in
vivo possible. The tumor-associated antigen or a fragment
thereof may be represented as protein, as DNA (e.g. within a
vector) or as RNA. The tumor-associated antigen is processed
to produce a peptide partner for the MHC molecule, while a
fragment thereof may be presented without the need for fur-
ther processing. The latter is the case in particular, if these can
bind to MHC molecules. Preference is given to administra-
tion forms in which the complete antigen is processed in vivo
by a dendritic cell, since this may also produce T helper cell
responses which are needed for an effective immune response
(Ossendorp et al., Immunol Lett. 74:75-9, 2000; Ossendorp et
al., J. Exp. Med. 187:693-702, 1998). In general, it is possible
to administer an effective amount of the tumor-associated
antigen to a patient by intradermal injection, for example.
However, injection may also be carried out intranodally into
alymph node (Maloy etal., Proc Natl Acad Sci USA 98:3299-
303, 2001).

The pharmaceutical compositions and methods of treat-
ment described according to the present technology may also
be used for immunization or vaccination to therapeutically
treat or prevent a disease described herein. According to the
present technology, the terms “immunization” or “vaccina-
tion” preferably relate to an increase in or activation of an
immune response to an antigen. It is possible to use animal
models for testing an immunizing effect on cancer by using a
tumor-associated antigen or a nucleic acid coding therefor.
For example, human cancer cells may be introduced into a
mouse to generate a tumor, and one or more nucleic acids
coding for tumor-associated antigens may be administered.
The effect on the cancer cells (for example reduction in tumor
size) may be measured as a measure for the effectiveness ofan
immunization by the nucleic acid.

As part of the composition for an immunization or a vac-
cination, preferably one or more tumor-associated antigens or
stimulating fragments thereof are administered together with
one or more adjuvants for inducing an immune response or
for increasing an immune response. An adjuvant is a sub-
stance which is incorporated into the antigen or administered
together with the latter and which enhances the immune
response. Adjuvants may enhance the immune response by

40

45

32

providing an antigen reservoir (extracellularly or in macroph-
ages), activating macrophages and/or stimulating particular
lymphocytes. Adjuvants are known and comprise in a non-
limiting way monophosphoryl lipid A (MPL, SmithKline
Beecham), saponins such as QS21 (SmithKline Beecham),
DQS21 (SmithKline Beecham; WO 96/33739), QS7, QS17,
QS18 and QS-L.1 (So et al., Mol. Cells 7:178-186, 1997),
incomplete Freund’s adjuvant, complete Freund’s adjuvant,
vitamin E, montanide, alum, CpG oligonucleotides (cf. Kreig
etal., Nature 374:546-9, 1995) and various water-in-oil emul-
sions prepared from biologically degradable oils such as
squalene and/or tocopherol. Preferably, the peptides are
administered in a mixture with DQS21/MPL. The ratio of
DQS21 to MPL is typically about 1:10 to 10:1, preferably
about 1:5 to 5:1 and in particular about 1:1. For administra-
tion to humans, a vaccine formulation typically contains
DQS21 and MPL in a range from about 1 pug to about 100 pg.

Other substances which stimulate an immune response of
the patient may also be administered. It is possible, for
example, to use cytokines in a vaccination, owing to their
regulatory properties on lymphocytes. Such cytokines com-
prise, for example, interleukin-12 (IL-12) which was shown
to increase the protective actions of vaccines (cf. Science
268:1432-1434, 1995), GM-CSF and 1L-18.

There are a number of compounds which enhance an
immune response and which therefore may be used in a
vaccination. Said compounds comprise costimulating mol-
ecules provided in the form of proteins or nucleic acids such
as B7-1 and B7-2 (CD80 and CD86, respectively).

The present technology also provides for administration of
nucleic acids, proteins or peptides. Proteins and peptides may
be administered in a manner known per se. In one embodi-
ment, nucleic acids are administered by ex vivo methods, i.e.
by removing cells from a patient, genetic modification of said
cells in order to incorporate a tumor-associated antigen and
reintroduction of the altered cells into the patient. This gen-
erally comprises introducing a functional copy of a gene into
the cells of a patient in vitro and reintroducing the genetically
altered cells into the patient. The functional copy of the gene
is under the functional control of regulatory elements which
allow the gene to be expressed in the genetically altered cells.
Transfection and transduction methods are known to the
skilled worker. The present technology also provides for
administering nucleic acids in vivo by using vectors such as
viruses and target-controlled liposomes. If according to the
present technology reference is made to the administration or
incorporation into pharmaceutical compositions of nucleic
acids this includes embodiments wherein the nucleic acid is
present in such vectors.

In a preferred embodiment, a virus or viral vector for
administering a nucleic acid coding for a tumor-associated
antigen is selected from the group consisting of adenoviruses,
adeno-associated viruses, pox viruses, including vaccinia
virus and attenuated pox viruses, Semliki Forest virus, retro-
viruses, Sindbis virus and Ty virus-like particles. Particular
preference is given to adenoviruses and retroviruses. The
retroviruses are typically replication-deficient (i.e. they are
incapable of generating infectious particles).

Methods of introducing nucleic acids into cells in vitro or
in vivo comprise transfection of nucleic acid calcium phos-
phate precipitates, transfection of nucleic acids associated
with DEAE, transfection or infection with the above viruses
carrying the nucleic acids of interest, liposome-mediated
transfection, and the like. In particular embodiments, prefer-
ence is given to directing the nucleic acid to particular cells. In
such embodiments, a carrier used for administering a nucleic
acid to a cell (e.g. a retrovirus or a liposome) may have a
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bound target control molecule. For example, a molecule such
as an antibody specific for a surface membrane protein on the
target cell or a ligand for a receptor on the target cell may be
incorporated into or attached to the nucleic acid carrier. Pre-
ferred antibodies comprise antibodies which bind selectively
atumor-associated antigen. [f administration of a nucleic acid
via liposomes is desired, proteins binding to a surface mem-
brane protein associated with endocytosis may be incorpo-
rated into the liposome formulation in order to make target
control and/or uptake possible. Such proteins comprise
capsid proteins or fragments thereof which are specific for a
particular cell type, antibodies to proteins which are internal-
ized, proteins addressing an intracellular site, and the like.

The therapeutic compositions of the present technology
may be administered in pharmaceutically compatible prepa-
rations. Such preparations may usually contain pharmaceuti-
cally compatible concentrations of salts, buffer substances,
preservatives, carriers, supplementing immunity-enhancing
substances such as adjuvants, e.g. CpG oligonucleotides,
cytokines, chemokines, saponin, GM-CSF and/or RNA and,
where appropriate, other therapeutically active compounds.

The therapeutically active compounds of the present tech-
nology may be administered via any conventional route,
including by injection or infusion. The administration may be
carried out, for example, orally, intravenously, intraperito-
neally, intramuscularly, subcutaneously or transdermally.
Preferably, antibodies are therapeutically administered by
way of a lung aerosol. Antisense nucleic acids are preferably
administered by slow intravenous administration.

The compositions of the present technology are adminis-
tered in effective amounts. An “effective amount” refers to the
amount which achieves a desired reaction or a desired effect
alone or together with further doses. In the case of treatment
of a particular disease or of a particular condition character-
ized by expression of one or more tumor-associated antigens,
the desired reaction preferably relates to inhibition of the
course of the disease. This comprises slowing down the
progress of the disease and, in particular, interrupting or
reversing the progress of the disease. The desired reaction in
atreatment of a disease or of a condition may also be delay of
the onset or a prevention of the onset of said disease or said
condition. According to the present technology, a diagnosis or
treatment of cancer may also include the diagnosis or treat-
ment of cancer metastases which have already formed or will
form. According to the present technology, the term “treat-
ment” comprises therapeutic and prophylactic treatment, i.e.
prevention.

An effective amount of a composition of the present tech-
nology will depend on the condition to be treated, the severe-
ness of the disease, the individual parameters of the patient,
including age, physiological condition, size and weight, the
duration of treatment, the type of an accompanying therapy
(if present), the specific route of administration and similar
factors.

The pharmaceutical compositions of the present technol-
ogy are preferably sterile and contain an effective amount of
the therapeutically active substance to generate the desired
reaction or the desired effect.

The doses administered of the compositions of the present
technology may depend on various parameters such as the
type of administration, the condition of the patient, the
desired period of administration, etc. In the case that a reac-
tion in a patient is insufficient with an initial dose, higher
doses (or effectively higher doses achieved by a different,
more localized route of administration) may be used.

Generally, doses of the tumor-associated antigen of from 1
ng to 1 mg, preferably from 10 ng to 100 pg, are formulated
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and administered for a treatment or for generating or increas-
ing an immune response. If the administration of nucleic
acids (DNA and RNA) coding for tumor-associated antigens
is desired, doses of from 1 ng to 0.1 mg are formulated and
administered.

The pharmaceutical compositions of the present technol-
ogy are generally administered in pharmaceutically compat-
ible amounts and in pharmaceutically compatible composi-
tions. The term “pharmaceutically compatible” refers to a
nontoxic material which does not interact with the action of
the active component of the pharmaceutical composition.
Preparations of this kind may usually contain salts, buffer
substances, preservatives, carriers and, where appropriate,
other therapeutically active compounds. When used in medi-
cine, the salts should be pharmaceutically compatible. How-
ever, salts which are not pharmaceutically compatible may
used for preparing pharmaceutically compatible salts and are
included in the present technology. Pharmacologically and
pharmaceutically compatible salts of this kind comprise in a
nonlimiting way those prepared from the following acids:
hydrochloric, hydrobromic, sulfuric, nitric, phosphoric,
maleic, acetic, salicylic, citric, formic, malonic, succinic
acids, and the like. Pharmaceutically compatible salts may
also be prepared as alkali metal salts or alkaline earth metal
salts, such as sodium salts, potassium salts or calcium salts.

A pharmaceutical composition of the present technology
may comprise a pharmaceutically compatible carrier.
According to the present technology, the term “pharmaceuti-
cally compatible carrier” refers to one or more compatible
solid or liquid fillers, diluents or encapsulating substances,
which are suitable for administration to humans. The term
“carrier” refers to an organic or inorganic component, of a
natural or synthetic nature, in which the active component is
combined in order to facilitate application. The components
of'the pharmaceutical composition of the present technology
are usually such that no interaction occurs which substan-
tially impairs the desired pharmaceutical efficacy.

The pharmaceutical compositions of the present technol-
ogy may contain suitable buffer substances such as acetic acid
in a salt, citric acid in a salt, boric acid in a salt and phosphoric
acid in a salt.

The pharmaceutical compositions may, where appropriate,
also contain suitable preservatives such as benzalkonium
chloride, chlorobutanol, paraben and thimerosal.

The pharmaceutical compositions are usually providedin a
uniform dosage form and may be prepared in a manner known
per se. Pharmaceutical compositions of the present technol-
ogy may be in the form of capsules, tablets, lozenges, solu-
tions, suspensions, syrups, elixirs or in the form of an emul-
sion, for example.

Compositions suitable for parenteral administration usu-
ally comprise a sterile aqueous or nonaqueous preparation of
the active compound, which is preferably isotonic to the
blood of the recipient. Examples of compatible carriers and
solvents are Ringer solution and isotonic sodium chloride
solution. In addition, usually sterile, fixed oils are used as
solution or suspension medium.

The present technology is described in detail by the figures
and examples below, which are used only for illustration
purposes and are not meant to be limiting. Owing to the
description and the examples, further embodiments which are
likewise included in the present technology are accessible to
the skilled worker.

EXAMPLES

The techniques and methods mentioned herein are carried
out in a manner known per se and are described, for example,
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in Sambrook et al., Molecular Cloning: A Laboratory
Manual, 2nd Edition (1989) Cold Spring Harbor Laboratory
Press, Cold Spring Harbor, N.Y. All methods including the
use of kits and reagents are carried out according to the
manufacturers’ information unless specifically indicated.

Example 1

Screening for Placenta-Specific Genes Aberrantly
Activated in Tumors

Tissues and Cell Lines

Tissues were obtained as human surplus materials during
routine diagnostic or therapeutic procedures and were stored
at —80° C. until use. Cell lines were purchased from the
American Type Culture Collection (ATCC) and the German
Resource Collection of Microorganisms and Cell Culture
(DSMZ).

RNA Isolation and Microarray Hybridization

Total RNA was isolated using the RNeasy Mini Kit proto-
col (Qiagen). Quantification of isolated RNA was performed
using UV-spectroscopy and the quality was determined both
by A,o/A,g, ratio and Agilent bioanalyzer (Agilent Tech-
nologies). Five micrograms total RNA were used for cDNA
synthesis with 5 pmol ul=* T7-oligo(dT),, primer and was
performed at 43° C. for 90 minutes with the “Superscript
First-Strand Synthesis-System” for RT-PCR (Invitrogen).
Second-strand synthesis was performed with complete
cDNA. The cDNA solution was incubated at 16° C. for 2
hours followed by an incubation step for 20 min with 6 U
T4-DNA polymerase at 16° C. and the reaction was stopped
using 10 ul of 0.5 M EDTA. After purification of the double
stranded cDNA using the GeneChip Sample Cleanup Module
(Affymetrix) labeled cRNA was generated from the cDNA
sample by an in vitro transcription reaction that was supple-
mented with biotin-11-CTP and biotin-16-UTP (Enzo Diag-
nostics) according to the manufacturer’s instructions. The
cRNA was quantified by A, and the quality was determined
using the labchip bioanalyzer (Agilent). Only cRNA speci-
mens with a high quality were selected for further analyses.
Fragmented cRNA (15 pg) was used to prepare 300 pl hybrid-
ization cocktail (100 mM MES, 1 M NaCl, 20 mM EDTA,
0.01% Tween-20) containing 0.1 mg ml™" of herring sperm
DNA, and 0.5 mg ml™" acetylated bovine serum albumin.
Control cRNA was used in order to compare hybridization
efficiencies between arrays and to standardize the quantifica-
tion of measured transcript levels and was included as com-
ponent of the ‘Eukaryotic Hybridization Control kit* (Af-
fymetrix, Santa Clara, Calif., USA). The cocktails were
heated to 95° C. for 5 minutes, equilibrated at 45° C. for 5
minutes, and clarified by centrifugation. The cocktail was
hybridized to HG U133 Plus 2.0 arrays (Affymetrix) at45° C.
for 16 hours. The arrays were washed and stained with a
streptavidin-conjugated fluor using the GeneChip fluidics
station protocol EukGE-WS2 (Affymetrix) according to the
manufacturer’s instructions. Arrays were scanned with an
argon-ion laser confocal scanner (Hewlett-Packard, Santa
Clara, Calif.) with detection at 570 nm. Data were extracted
using Microarray Suite version 5.0 (Affymetrix) and linearly
scaled to achieve an average intensity of 2,500 per gene. Text
files were exported to determine the intensity of each inter-
rogating oligonucleotide perfect match probe cells or mis-
match probe cells. In addition, the ratios of 5'- and 3'-ends of
mRNA were analyzed of six randomly selected specimens
(two of each group) using microarray test-chips (Test3 Array)
containing 24 human housekeeping/maintenance genes (Af-
fymetrix) and RNA degradation was not observed.
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Bioinformatic Analysis

The GeneChip® Operating Software 1.4 (Affymetrix) and
Array Assist software package 5.2 (Stratagene) were used for
statistical analyses.

Results

Screening of samples from the 18 normal tissues shown
below in table 1 and 30 tumor cell lines of different entities
shown below in table 2 resulted in the sequences described
herein which are expressed in placenta among the normal
tissues investigated and in tumor cell lines.

TABLE 1

Tissues used for microarray expression analysis

Tissue Number

Placenta

Testis
Mammary gland
Thymus

Skin

Liver

Colon
Esophagus
Stomach

Lung

Kidney

Lymph node
Skeletal muscle
Myocard

Brain
Cerebellum
resting PBMCs
activ. PBMCs
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TABLE 2
Cell lines used for microarray expression analysis
Cell line Tissue
BT-549 Breast cancer

MDA-MB-231 metastasizing
MDA-MB-231 non-metastasizing

Breast cancer
Breast cancer

MDA-MB-4358 Breast cancer
MDA-MB-468 Breast cancer
SK-BR-3 Breast cancer
Caov-3 Ovarian cancer
FU-OV Ovarian cancer
NIH-OVCAR-3 Ovarian cancer
COLO-205 Colorectal cancer
HCT-116 Colorectal cancer
HCT-116 DKO Colorectal cancer
HCT-15 Colorectal cancer
HT-29 Colorectal cancer
LOVO Colorectal cancer
SW-480 Colorectal cancer
CPC-N Lung cancer
LOU-NH-91 Lung cancer
SHP-77 Lung cancer
SK-MES-1 Lung cancer
NCI-H-187 Lung cancer
NCI-H-209 Lung cancer
NCI-H-522 Lung cancer
DU-145 Prostate cancer
Uncap Prostate cancer
PC-3 Prostate cancer
MEL-JUSO Melanoma
Murkowski Melanoma
SK-MEL-37 Melanoma
HELA Cervical cancer
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Example 2

Validation of the Identified Tumor-Associated
Markers

1. Examination of RNA Expression

The identified tumor-associated markers are first validated
with the aid of RNA which is obtained from various tissues or
from tissue-specific cell lines. Since the differential expres-
sion pattern of healthy tissue in comparison with tumor tissue
is of decisive importance for the subsequent therapeutic
application, the target genes are preferably characterized with
the aid of these tissue samples.

Total RNA is isolated from native tissue samples or from
tumor cell lines by standard methods of molecular biology.
Said isolation may be carried out, for example, with the aid of
the RNeasy Maxi kit (Qiagen, Cat. No. 75162) according to
the manufacturer’s instructions. This isolation method is
based on the use of chaotropic reagent guanidinium isothio-
cyanate. Alternatively, acidic phenol can be used for isolation
(Chomczynski & Sacchi, Anal. Biochem. 162: 156-159,
1987). After the tissue has been worked up by means of
guanidinium isothiocyanate, RNA is extracted with acidic
phenol, subsequently precipitated with isopropanol and taken
up in DEPC-treated water.

2-4 ng of the RNA isolated in this way are subsequently
transcribed into cDNA, for example by means of Superscript
II (Invitrogen) according to the manufacturer’s protocol.
c¢DNA synthesis is primed with the aid of random hexamers
(e.g. Roche Diagnostics) according to standard protocols of
the relevant manufacturer. For quality control, the cDNAs are
amplified over 30 cycles, using primers specific for the p53
gene which is expressed only lowly. Only p53-positive cDNA
samples will be used for the subsequent reaction steps.

The targets are analyzed in detail by carrying out an expres-
sion analysis by means of PCR or quantitative PCR (qPCR)
on the basis of a cDNA archive which has been isolated from
various normal and tumor tissues and from tumor cell lines.
For this purpose, 0.5 pl of cDNA of the above reaction mix-
ture is amplified by a DNA polymerase (e.g. 1 U of HotStar-
Taq DNA polymerase, Qiagen) according to the protocols of
the particular manufacturer (total volume of'the reaction mix-
ture: 25-50 pl). Aside from said polymerase, the amplification
mixture comprises 0.3 mM dNTPs, reaction buffer (final con-
centration 1x, depending on the manufacturer of the DNA
polymerase) and in each case 0.3 mM gene-specific “sense”
and “antisense” primers.

The specific primers of the target gene are, as far as pos-
sible, selected in such a way that they are located in two
different exons so that genomic contaminations do not lead to
false-positive results. In a non-quantitative end point PCR,
the cDNA is typically incubated at 95° C. for 15 minutes in
order to denature the DNA and to activate the Hot-Start
enzyme. Subsequently the DNA is amplified over 35 cycles (1
min at 95° C., 1 min at the primer-specific hybridization
temperature (approx. 55-65° C.), 1 min at 72° C. to elongate
the amplicons). Subsequently, 10 pl of the PCR mixture are
applied to agarose gels and fractionated in the electric field.
The DNA is made visible in the gels by staining with ethidium
bromide and the PCR result is documented by way of a
photograph.

As an alternative to conventional PCR, expression of a
target gene may also be analyzed by quantitative real time
PCR. Meanwhile various analytical systems are available for
this analysis, of which the best known ones are the ABI
PRISM sequence detection system (TagMan, Applied Bio-
systems), the iCycler (Biorad) and the Light cycler (Roche
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Diagnostics). As described above, a specific PCR mixture is
subjected to a run in the real time instruments. By adding a
DNA-intercalating dye (e.g. ethidium bromide, CybrGreen),
the newly synthesized DNA is made visible by specific light
excitation (according to the dye manufacturers’ information).
A multiplicity of points measured during amplification
enables the entire process to be monitored and the nucleic
acid concentration of the target gene to be determined quan-
titatively. The PCR mixture is normalized by measuring a
housekeeping gene (e.g. 18S RNA, p-actin). Alternative strat-
egies via fluorescently labeled DNA probes likewise allow
quantitative determination of the target gene of a specific
tissue sample (see TagMan applications from Applied Bio-
systems).

As shown in FIG. 1, placenta was confirmed in RT-PCR
analyses as the only healthy tissue expressing the nucleic acid
sequence according to SEQ ID NO:540. No significant
expression was found in any other normal tissue. However,
high and significant levels of expression were found in breast
cancet.

Quantitative real-time RT-PCR analyses revealed that the
nucleic acid sequence according to SEQ ID NO:540 was
expressed in significant levels in the majority of breast cancer
samples analyzed; cf. FIG. 2.

2. Cloning

The complete target gene which is required for further
characterization of the tumor-associated marker is cloned
according to common molecular-biological methods (e.g. in
“Current Protocols in Molecular Biology”, John Wiley &
Sons Ltd., Wiley InterScience). In order to clone the target
gene or to analyze its sequence, said gene is first amplified by
a DNA polymerase having a proof reading function (e.g. pfu,
Roche Diagnostics). The amplicon is then ligated by standard
methods into a cloning vector. Positive clones are identified
by sequence analysis and subsequently characterized with the
aid of prediction programs and known algorithms.

3. Prediction of the Protein

Genes found according to the present technology (in par-
ticular those from the RefSeq XM domain) may require clon-
ing of the full-length gene, determination of the open reading
frame and deduction and analysis of the protein sequence.

In order to clone the full-length sequence, common proto-
cols for the rapid amplification of cDNA ends and the screen-
ing of cDNA expression libraries with gene-specific probes
may be used (Sambrook et al., Molecular Cloning: A Labo-
ratory Manual, 2nd edition (1989), Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, N.Y.).

After assembling the fragments found in this way, potential
open reading frames (ORF) can be predicted using common
prediction programs. Since the position of the PolyA tail and
of polyadenylation motifs predetermines the orientation of
the potential gene product, only the 3 reading frames of that
particular orientation remain out of a possible 6 reading
frames. The former often yield only one sufficiently large
open reading frame which may code for a protein, while the
other reading frames have too many stop codons and would
not code for any realistic protein. In the case of alternative
open reading frames, identification of the authentic ORF is
assisted by taking into account the Kozak criteria for optimal
transcription initiation and by analyzing the deduced protein
sequences which may arise. Said ORF is further verified by
generating immune sera against proteins deduced from the
potential ORFs and analyzing said immune sera for recogni-
tion of a real protein in tissues and cell lines.

4. Production of Antibodies

The tumor-associated antigens identified according to the
present technology are characterized, for example, by using
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antibodies. The present technology further comprises the
diagnostic or therapeutic use of antibodies. Antibodies may
recognize proteins in the native and/or denatured state
(Anderson et al., J. Immunol. 143: 1899-1904, 1989; Gards-
voll, J. Immunol. Methods 234: 107-116, 2000; Kayyem et
al., Fur. J. Biochem. 208: 1-8, 1992; Spiller etal., J. Immunol.
Methods 224: 51-60, 1999).

Antisera comprising specific antibodies which specifically
bind to the target protein may be prepared by various standard
methods; cf., for example, “Monoclonal Antibodies: A Prac-
tical Approach” by Phillip Shepherd, Christopher Dean ISBN
0-19-963722-9, “Antibodies: A Laboratory Manual” by Ed
Harlow, David Lane ISBN: 0879693142 and “Using Anti-
bodies: A Laboratory Manual: Portable Protocol NO” by
Edward Harlow, David Lane, Ed Harlow ISBN: 0879695447
Itis also possible here to generate affine and specific antibod-
ies which recognize complex membrane proteins in their
native form (Azorsa et al., J. Immunol. Methods 229: 35-48,
1999; Anderson et al., J Immunol. 143: 1899-1904, 1989,
Gardsvoll, J. Immunol. Methods. 234: 107-116, 2000). This is
especially important in the preparation of antibodies which
are intended to be used therapeutically but also for many
diagnostic applications. For this purpose, both the complete
protein and extracellular partial sequences may be used for
immunization.

Immunization and Production of Polyclonal Antibodies

Various immunization protocols are published. A species
(e.g. rabbits, mice) is immunized by a first injection of the
desired target protein. The immune response of the animal to
the immunogen can be enhanced by a second or third immu-
nization within a defined period of time (approx. 2-4 weeks
after the previous immunization). Blood is taken from said
animals and immune sera obtained, again after various
defined time intervals (1st bleeding after 4 weeks, then every
2-3 weeks, up to 5 takings). The immune sera taken in this
way comprise polyclonal antibodies which may be used to
detect and characterize the target protein in Western blotting,
by flow cytometry, immunofluorescence or immunohis-
tochemistry.

The animals are usually immunized by any of four well-
established methods, with other methods also in existence.
The immunization may be carried out using peptides specific
for the target protein, using the complete protein, or using
extracellular partial sequences of a protein which can be
identified experimentally or via prediction programs. Since
the prediction programs do not always work perfectly, it is
also possible to employ two domains separated from one
another by a transmembrane domain. In this case, one of the
two domains has to be extracellular, which may then be
proved experimentally (see below). Immunization is offered
commercially by different service providers.

(1) Inthe first case, peptides (length: 8-12 amino acids) are

synthesized by in vitro methods (possibly carried out by
a commercial service), and said peptides are used for
immunization. Normally 3 immunizations are carried
out (e.g. with a concentration of 5-100 pg/immuniza-
tion).

(2) Alternatively, immunization may be carried out using
recombinant proteins. For this purpose, the cloned DNA
of'the target gene is cloned into an expression vector and
the target protein is synthesized, for example, cell-free in
vitro, inbacteria (e.g. E. coli), inyeast (e.g. S. pombe), in
insect cells or in mammalian cells, according to the
conditions of the particular manufacturer (e.g. Roche
Diagnostics, Invitrogen, Clontech, Qiagen). It is also
possible to synthesize the target protein with the aid of
viral expression systems (e.g. baculovirus, vacciniavi-
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rus, adenovirus). After it has been synthesized in one of
said systems, the target protein is purified, normally by
employing chromatographic methods. In this context, it
is also possible to use for immunization proteins which
have a molecular anchor as an aid for purification (e.g.
His tag, Qiagen; FLAG tag, Roche Diagnostics; GST
fusion proteins). A multiplicity of protocols can be
found, for example, in “Current Protocols in Molecular
Biology”, John Wiley & Sons Ltd., Wiley InterScience.
After the target protein has been purified, an immuniza-
tion is carried out as described above.
(3) If a cell line is available which synthesizes the desired
protein endogenously, it is also possible to use this cell
line directly for preparing the specific antiserum. In this
case, immunization is carried out by 1-3 injections with
in each case approx. 1-5x107 cells.
(4) The immunization may also be carried out by injecting
DNA (DNA immunization). For this purpose, the target
gene is first cloned into an expression vector so that the
target sequence is under the control of a strong eukary-
otic promoter (e.g. CMV promoter). Subsequently,
DNA (e.g. 1-10 pg per injection) is transferred as immu-
nogen using a gene gun into capillary regions with a
strong blood flow in an organism (e.g. mouse, rabbit).
The transferred DNA is taken up by the animal’s cells,
the target gene is expressed, and the animal finally devel-
ops an immune response to the target protein (Jung et al.,
Mol. Cells 12: 41-49, 2001; Kasinrerk et al., Hybrid
Hybridomics 21: 287-293, 2002).
Production of Monoclonal Antibodies
Monoclonal antibodies are traditionally produced with the
aid of the hybridoma technology (technical details: see
“Monoclonal Antibodies: A Practical Approach” by Philip
Shepherd, Christopher Dean ISBN 0-19-963722-9; “Anti-
bodies: A Laboratory Manual” by Ed Harlow, David Lane
ISBN: 0879693142, “Using Antibodies: A Laboratory
Manual: Portable Protocol NO” by Edward Harlow, David
Lane, Ed Harlow ISBN: 0879695447). A new method which
is also used is the “SLAM” technology. Here, B cells are
isolated from whole blood and the cells are made monoclonal.
Subsequently the supernatant of the isolated B cell is ana-
lyzed for its antibody specificity. In contrast to the hybridoma
technology, the variable region of the antibody gene is then
amplified by single-cell PCR and cloned into a suitable vec-
tor. In this manner production of monoclonal antibodies is
accelerated (de Wildt et al., J. Immunol. Methods 207:61-67,
1997).

5. Validation of the Targets by Protein-Chemical Methods
Using Antibodies

The antibodies which can be produced as described above

can be used to further analyze the target protein as follows:

Specificity of the Antibody

Assays based on cell culture with subsequent Western blot-

ting are most suitable for demonstrating the fact that an anti-
body binds specifically only to the desired target protein
(various variations are described, for example, in “Current
Protocols in Protein Chemistry”, John Wiley & Sons Ltd.,
Wiley InterScience). For the demonstration, cells are trans-
fected with a cDNA for the target protein, which is under the
control of'a strong eukaryotic promoter (e.g. cytomegalovirus
promoter; CMV). A wide variety of methods (e.g. electropo-
ration, liposome-based transfection, calcium phosphate pre-
cipitation) are well established for transfecting cell lines with
DNA (e.g. Lemoine et al., Methods Mol. Biol. 75: 441-7,
1997). As an alternative, it is also possible to use cell lines
which express the target gene endogenously (detection via
target gene-specific RI-PCR). As a control, in the ideal case,
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homologous genes are cotransfected in the experiment, in
order to be able to demonstrate in the following Western blot
the specificity of the analyzed antibody.

In the subsequent Western blotting, cells from cell culture
or tissue samples which might contain the target protein are
lysed in a 1% strength SDS solution, and the proteins are
denatured in the process. The lysates are fractionated accord-
ing to size by electrophoresis on 8-15% strength denaturing
polyacrylamide gels (contain 1% SDS) (SDS polyacrylamide
gel electrophoresis, SDS-PAGE). The proteins are then trans-
ferred by one of a plurality of blotting methods (e.g. semi-dry
electroblot; Biorad) to a specific membrane (e.g. nitrocellu-
lose, Schleicher & Schiill). The desired protein can be visu-
alized on this membrane. For this purpose, the membrane is
first incubated with the antibody which recognizes the target
protein (dilution approx. 1:20-1:200, depending on the speci-
ficity of said antibody), for 60 minutes. After a washing step,
the membrane is incubated with a second antibody which is
coupled to a marker (e.g. enzymes such as peroxidase or
alkaline phosphatase) and which recognizes the first anti-
body. It is then possible to make the target protein visible on
the membrane in a color or chemi-luminescent reaction (e.g.
ECL, Amersham Bioscience). An antibody with a high speci-
ficity for the target protein should in the ideal case only
recognize the desired protein itself.

Localization of the Target Protein

Various methods are used to confirm the membrane local-
ization, identified in the in silico approach, of the target pro-
tein. An important and well-established method using the
antibodies described above is immunofluorescence (IF). For
this purpose, cells of established cell lines which either syn-
thesize the target protein (detection of the RNA by RT-PCR or
of the protein by Western blotting) or else have been trans-
fected with plasmid DNA are utilized. A wide variety of
methods (e.g. electroporation, liposome-based transfection,
calcium phosphate precipitation) are well established for
transfection of cell lines with DNA (e.g. Lemoine et al.,
Methods Mol. Biol. 75:441-7,1997). The plasmid transfected
into the cells, in immunofluorescence, may encode the
unmodified protein or else couple different amino acid mark-
ers to the target protein. The principle markers are, for
example, the fluorescent green fluorescent protein (GFP) in
various differentially fluorescent forms, short peptide
sequences of 6-12 amino acids for which high-affinity and
specific antibodies are available, or the short amino acid
sequence Cys-Cys-X-X-Cys-Cys (SEQ ID NO: 636)which
can bind via its cysteines specific fluorescent substances (In-
vitrogen). Cells which synthesize the target protein are fixed,
for example, with paraformaldehyde or methanol. The cells
may then, if required, be permeabilized by incubation with
detergents (e.g. 0.2% Triton X-100). The cells are then incu-
bated with a primary antibody which is directed against the
target protein or against one of the coupled markers. After a
washing step, the mixture is incubated with a second antibody
coupled to a fluorescent marker (e.g. fluorescein, Texas Red,
Dako), which binds to the first antibody. The cells labeled in
this way are then overlaid with glycerol and analyzed with the
aid of a fluorescence microscope according to the manufac-
turer’s information. Specific fluorescence emissions are
achieved in this case by specific excitation depending on the
substances employed. The analysis usually permits reliable
localization of the target protein, the antibody quality and the
target protein being confirmed in double stainings with, in
addition to the target protein, also the coupled amino acid
markers or other marker proteins whose localization has
already been described in the literature being stained. GFP
and its derivatives represent a special case, being excitable
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directly and themselves fluorescing. The membrane perme-
ability which may be controlled through the use of detergents,
in immunofluorescence, allows demonstration of whether an
immunogenic epitope is located inside or outside the cell. The
prediction of the selected proteins can thus be supported
experimentally. An alternative possibility is to detect extra-
cellular domains by means of flow cytometry. For this pur-
pose, cells are fixed under non-permeabilizing conditions
(e.g. with PBS/Na azide/2% FCS/5 mM EDTA) and analyzed
in a flow cytometer in accordance with the manufacturer’s
instructions. Only extracellular epitopes can be recognized by
the antibody to be analyzed in this method. A difference from
immunofluorescence is that it is possible to distinguish
between dead and living cells by using, for example, pro-
pidium iodide or trypan blue, and thus avoid false-positive
results.

Another important detection is by immunohistochemistry
(IHC) on specific tissue samples. The aim of this method is to
identify the localization of a protein in a functionally intact
tissue aggregate. [HC serves specifically for (1) being able to
estimate the amount of target protein in tumor and normal
tissues, (2) analyzing how many cells in tumor and healthy
tissues synthesize the target gene, and (3) defining the cell
type in a tissue (tumor, healthy cells) in which the target
protein is detectable. Alternatively, the amounts of protein of
a target gene may be quantified by tissue immunofluores-
cence using a digital camera and suitable software (e.g. Tillvi-
sion, Till-photonics, Germany). The technology has fre-
quently been published, and details of staining and
microscopy can therefore be found, for example, in “Diag-
nostic Immunohistochemistry” by David J., MD Dabbs
ISBN: 0443065667 or in “Microscopy, Immunohistochemis-
try, and Antigen Retrieval Methods: For Light and Electron
Microscopy” ISBN: 0306467704. It should be noted that,
owing to the properties of antibodies, different protocols have
to be used (an example is described below) in order to obtain
a meaningful result.

Normally, histologically defined tumor tissues and, as ref-
erence, comparable healthy tissues are employed in IHC. It is
also possible to use as positive and negative controls cell lines
in which the presence of the target gene is known through
RT-PCR analyses. A background control must always be
included.

Formalin-fixed (another fixation method, for example with
methanol, is also possible) and paraffin-embedded tissue
pieces with a thickness of 4 um are applied to a glass support
and deparaffinated with xylene, for example. The samples are
washed with TBS-T and blocked in serum. This is followed
by incubation with the first antibody (dilution: 1:2 to 1:2000)
for 1-18 hours, with affinity-purified antibodies normally
being used. A washing step is followed by incubation with a
second antibody which is coupled to an alkaline phosphatase
(alternative: for example peroxidase) and directed against the
first antibody, for approx. 30-60 minutes. This is followed by
a color reaction 